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WAR DEPARTMENT '
Tnited Stater Fogineer Office
13th Mloor, Custom House

Rogton, Mags,
Mareh 30, 1936

Subjeoct; Preliminarjr Report on 1926 Fleed In Androscogein River Basin.
Tos The Divieion Engineer, North Atleantic Division, New York, N, Y.

l. 'The recent ﬂoods ir, the Androzcogsia River Bagin, Maine and
Kew Hampshire, have not §n1y beon unprecedented in magnltude, but ére far
beyond snything antiéipate& by the various engineers vho have maﬁé .mvest‘!.-
gations ond reported on the river in the past, This situation, of course,
requires = revision of the report previously sulmitted by the District
Engineer on this river'mj..y 12, 1928, under the provisions of House Docue
nenit No, 308, 69th gongress, lst seséion. and printed in Bouse Document Ko,
' 646, Tlet Congress. ard session. Reference ig made to this documant for
descrip’oion and maps oi‘ the area,

. 2, Talie preliminary rapart d:eals wita threw prineipsl fectors coverw
ed in the above mentioneﬂ. report which, it is now apparent, are substantially
different from the data given in the ortg!.na:!. raport. These three factors
areg

a, T he hydraullc aepects of the problen, _

b, The damege which might result from a great flood,

¢ The rovised conclusions whi@h can be made tentatively
| at thisz time,

3. what this ﬂood hag meant ag an experlmce beyond all ealculations
previously made can vest be shown Ly direct camparisem with the greatest flocds
previously recorded, The two tables below show the gaugze heights at availsble
#tations on the river and the fleod discharga at important statiom. Two charisg

which accompany this report present the same information in grasphic form,
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COMPARATIVE FL,OOD HEIGHTS AND DISCHARGES
AT IMPORTANT STATTONS IN ANDROSCOGGIN RIVER BASIN,
MAINE AWD HEW HAMPSHIRE

PREVICUS GREAT FLOODS

LOGALITY IN ORDER OF MAGNITUDE
A ¥:3 2nd 3d
QUL Island above i
Lewieton 4,87
*Runford, Me. 8,0 8.7 545
w#gorhem, N, H, 8,38

*Helzht above crest of dam,
wrieleht above normal.

LOGALITY  PRUVIOUS GREAT FLOODS -

I¥ ORDER OF MAGWITUDR

1) 1st 2nd ard
1 |

Gulf 1slznd above .

Lewigten , 71,500 65,000 60,000
. _
 Runford, Me. 55,200 50,000 28,000
3

Goriem, ¥, H, 13,900 9,920 5,380

NOTR: Period covered by flood records used,
1, 1927 %o date, '
2. 1892 '_bo aate-

3. ——— ——

FLOCD QF
1936

10,55
10,5
9,94

FLOOD
oY 1936

200,000

75, 000

20,000
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4. XNeowspaper reports and other sources have estimated the damsge in
the Androscoggin Velley as high as $7,000,000, However, a preliminary
compilation from the data which could be eollected in such a short time from
' public ubility, mmicipal, snd industrisl euthoritles, together with estimates
of damsges aseertaiﬁed. by pers_énal recdnnﬁisance by representatives of thig office
reveals that these reports have in many caseslbeen greatly exaggzersted. Neverthe-
~ less, the total damage from the :recgntﬂleod is very great and is probably aﬁout
$3,000,000, Some conception lof what this flood has meant to the inhabitants
of the Valley and to 1_;1;6 woml:af. man located therein, csn be gained from the
" selected thotogiaghs Walch accoupany this reporf. The major classificstions into
wnich these items may be grouped are indicated in Table III, belows

Iten : ptimated 8

Highway Bridzes $ 500,000
Highweys 800, 000
~—
Rallroeds | ' 400,000
Public Utilities 100,000
Public property 100,000
Private Property | 1,100, 000
| $3, 000, 000
8. goneclueions
~ The probabliity that the conditions résponstble for the 1936 flood
will be repeated in the neer future ig siight, Floods of thle magnituite would
probably not ocour oftener tham once in 500 to 1000 years. Nevertheless, it 1s-
—
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possible that a flood of equal, or greater, magnitude will occur next yesr

or for several successive years, In view of the extensive damage and the

~ posslbility that the damage would bo equally great in any repetition of the 1936

£100d helghts 1t is bolieved that further studies of flood control measures,

such as the reservoir guggested in the report mentioned in paragraph 1, above,

are Justified, It ls impossible to ascertaln without further study what

preveubive measures, if any, may be takenm because the avallable data are ine
complete. Purther surveys mnd studies, consideration being glven to the
possible rerults had the second 1936 flood foliowed the first more closely,

is recoomended, It is eztimated that $75,000 will be required for such o survey.

John J. Hingmen
golonel, ¢ orps of Fnglneers
District Engineer



BOST DISTRICT
o’ had

NAD 73/43 gubject: Preliminary Report on 1936 Flood
_ in Androscoggin Biver basin

1st Ind,

Office,Division mngineer.lwm ATTANTIC DIVISION,NE® YORK cm‘r..q::-n 1, 1938
To the Chief of BEngineers, U, & Army

1. It is recmmended. that & prelimingry survey be made, such
preliminary survey to include, (a) the determination of basie hydrologle
data for the flood control system, (b) the geographical distribution and
amounts of dameges due to 1936 and prior floods, {(c) the main elements of
an integrated system, to include, primarily, well distributed reservoire
or detention basing through the watershed, controlling at least 30 per
cent thereof, (d) the location of all mit es for reservoir structures or
detention busins, as sppear 60 be ecomomical, snd such levees as may be
necessary or desirable in speclal ceses to supplement the reservoir
system as a general flood protection measure, (e) the general character-
istics of such structures, including overall volume and the flood reducing

effects thereof, and (f) estimates of cost, %o inclule separstely:

‘eonstruction, relocetion of railreads and uvtilitles, rights of way and

land, and highway reiocation. In my opinion, onl;fr the first two of these
should constitute a cost to the United States.

The leeation and chamcteristies of all 'structures will be
sufficlently well reported that pricrity can be qPlokly determined se
that any sum made available for construction can be expended on those
which offer the maximum flood control benefits,

Items (o) and (£) of the preliminary survey, ae defined sbove,

will be predleated won certain guldes dased on past experience, which

wlo
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thig office will fummieh the Digtrict Englneeraia aorder to save the time
that would de reculred ?‘o: thelr aceﬁra'ﬁe end acimtiﬂc determination,

Mn exemple of what is meant by such a gulde based on experience
1s the following for the determination of the miﬁi.mm capacit_y snd safe .
helght of reservoiré formed of earthen dsms: All .ea:rth dams to have five-
faot freehoard with fm_:.r.'bean-ineh.m-éff in ten deys varying in sccordence
with the nonﬁal hydrogréph of the reservoir ‘nésln. approximately one-half
of which 13 o be cered for by volume of reservolr at spillway 1lip plus
discharge through outlets, smd remsinder by water over spillwey, the
gurcherge on spillway orest to be ordinerily not in excese of ten fect,
The capaclty of the spillwey will further be auffj.c!.ent to pass, with g
five-foot freecboard, the maximwm flaod run-off hydrograph of record for
& basin of equivelent aree in the watershed asgumuing the dam full to the
spiliwoy crest, The foregoing is for dralnage areas of about 200 suere
miles or less and may be modified for larger areas.

Another such major gulde is to assume for earthen dams thet
cést of dam and all appurtenances, snd including_overhead. will approx-
imete $1,30 per cuble yerd of the overall volume included in dams and
spillway - providing work is done by contract in the moat economleal
modern manner, and $18,00 for concrete dams of gravity sectian,

2, Such preliminary survey con be prepared in four monthes
the more formal survey report to follow,

3. If the entive sum requested by the District Mmgineer cannotl
be allotted at this time, a reascnable proportion thereof is requested in
order that field work on a proper scale bé started at once,

GEO. B. SPALDING

Colonel, Gorps of Engineers,
Division Engineer.

e
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REVIEW REPORT ON ANDROSCOGGIN RIVER, MAINE
A¥D NEW HAMPSHIREG

Syllabus

The conclusions and réecommendations of the report under review
are basically sound concerning navigation, irrigation and power devel~
opment. Improvement of the river for navigation i1g¢ uwnwarranted at the
present tinme. Irrigaetion is unnesegsary. Power from existing instal=
lations is sufficient for present demands snd the power companies are
prepared to develop additional potentisl hydromelectric sites when the
demand warrants.

Study of additional information available as a result of the une
precedented March, 1936, floods and investigations initiated thereafter
indicate that some revision of the coneclusions concerning flood control
contained in the report under review is necessary. The Digtrict Engi~
neer concludes, from studies of possible methods of flood control, that
the plan he proposes, construchion of four reservoirs, or any legger
number selected therefrom, is practicable but not economically feasible
at the present time., In order 4o control development within the poten-
tial reservoir sreas to permit their construction when justified by
increaged development of the basin, acquisition of these reservolr sites
as state or local parks or forests and control of development therein
by the State of Maine or other local interests is advocated,

Al though none of the four projected reservoirs presents opportunity
for economical combined simultaneous development for power and flood
control, the Rumford Reservoir taken singly and the group consisting of
Runford, Dixfield and Buckfield, developed to provide only the requisite
flood=storage capacity, tut operated during other than peak~flood seasons
to yield supplemental power benefits by retention of a fractionsl part
of the available storage, appear to be economically Jjustified at some
future date when the local power system is able to absord the energy thus
generated. Under such & plan of operation, it ig recommended that the
distribution of costs between the power interegts end the Federal and
State Governments be in proportion to the respective benefits $o flood
control and power, the latter beneflt accruing principelly from the conm
version of secondary to’ primary energy at existing and potential down-
stream plants.

War Department
United States Engineer Office
Boston, Massachusetts
December 30, 1936
Subject: Review Report on Androscoggin River, Maine and New Hampshire
To: The Division Engineer, North Atlantic Division, New York, N. Y.

INTRODUCTION

1. Authority. « This review report is submitted in accordance with
the following Resolution of the Committee on Flood Control, United States

House of Representatives, adopted and approved March 27, 19362
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YRESOLVED, By the Committee on Flood Control of
the House of Representatives, United States. That the
Board of Engineers for Rivers and Herbors, created
wnder sesction 3 of the river and harbor act approved
June 13, 1902, be; and is hereby requested to report
to thig Committee a2t the earliest practicable date,
the results of the additional stndies and investiga~
tions made on the Androscoggin River, to take into
account importent changes in economic factors, aldi-
tional stream flow records, or factual data developed
as a result of the recent severe flood, with a view
to revising the report on this river printed as House
Document No. 646, Tist Congress, 3d session;!

and the following Resolution of the Committee on Commerce, United
States Senate, adopted March 28, 193%6:

"RESOLVED BY THE COMMITTEE ON COMMERCE OF THE
UNITED STATES SENATE, That the Board of Engineers
for Rivers and Harbors created under Section 3 of
the BRiver snd Barbor Act approved June 13, 1902, be
and is herely requested tc review the report on An-
droscoggin River, Maine, submitted in House Document
646, Tist Congress, 3d Session, with a view to deter—
mining whether any modification of the recommendations
contained therein is deemed advisable as a result of
the recent severe floodg;V

2. Necegsity for Review of Previous Report. ~ The recommens-
dations comtained in the report under review (H. Doc. No. bub, Tist
Congress, 34 Session) were unfavorable to further improvement of
the river for navigation in connection with power development, the
control of floods, the needs of irrigation or-any combination therew
of. BSince this report was submitted, the severe floods of March,
1936, occurred, that of March 19, 1936, beinz of unprecedented mag—
niftude in the Androscoggin River valley, These floods have indicae
ted the necessity for further study and investigation of the problem

of flood control in this basin ,



3 Prior Reports, -

WHERE PUBLISHED

visions of H. Doc.
No.308,69th Congress,
1lst Session. Navie
gation, flood conw
trol, power develop~
nment and irrigation

Tist Congress,
figéssion

SCOFE OF REPORT DATE RECOMMENDATION
Survey =~ Brunswick 1881 Sen.Ex.Doc.No . U5 Unfaworable
Hbr. on the An= Y7th Congress,
droscoggin River lst Session
Preliminary Examinam 1882 Sen.Ex.Doc.No. 30, Unfavorable
tion (Androscoggin 48th Congress, '
River, below lst Session
Brunswick, Maine)
Preliminary Examinae 1017 H. Doc. No. 79, Unfavorable
tion (Androscoggin 65+th Congress :
River between Merryw 1st Session
nesting Bay and
Lewiston~Auburn)
Report under proe 1930 H. Doc. No. 646, Unfavorable

Report on Navigable 1931
Status

Not printed =
Boston District
File 1256/5 Misc.

Head of navigation,
natural falls and
dam at Brunswick,
Maine

A list of reports by other agencieg is given in APPENDIX A,

4, Maps. - The United States Geological Survey general maps of

Maine and New Hampshire (scale 1:1500,000, or about & miles to 1 inch),

=znd Sheet 1 of the ¥ew Hampshire Transportation Map snd Sheets 2 and

© of the Maine Transportation Map (scale 1:250,000, or about 4 miles to

1 inch) issued by the Bureaun of Putlic Roads, include the basin. The

Geological Survey topogrephic sheets (scale 1:62,500, or about 1 mile

t0 1 inch) cover about 85 per cent of the area., Some details of the

tidal portion of the river are shown on United States Coast and

Geodetic Survey Charts Nos. 3% and 120Y4, but these contain no

-soundings above the outlet into Merrymeeting Bay.

The Tnited States

Geological Survey has issued a profile of the maln river from tide-

water to Umbagog Lake {scale 132U4,000 horizontal and 20 feet to 1 inch

vertical) with meps of the upper portion begiﬁning at & point about

e R



10 miles below Rumford, Maine. The survey for these msps and profile

was made in 1905,

LOCATION AND DESCRIPTION

B Drainage Basin. « The watershed of the Androscoggin River

lies principally in western Maine, with part of the headwater area,
comprising 20 per cent of the total, lying in New Hampshire (see
Figures 1 and 2). The basin has a length of 110 miles, maximum
width of 55 miles and a total area of 3,470 square miles. The lske
and pond area of 1U3 square miles, 4.1 per cent of the total area,
exercises complete or partial confrol over approximately 1400 square
miles, or 40 ver cent of the entire basin. The general elevation of
l‘che watershed 18 higher than that of any other eastern river in the
_United States. The wpper portions are rough, mountainous and almost
entirely covered by foresis. The loﬁar _portions are hilly, paritly
wooded and conbaln considerable cultivated land.

6. The lower portion of the basin is cha;racteri;'zed by broad,
low hills and long, gentle slopes with prgva,_lent large lake and swaup
a‘reas. The upper portion of the basin is dominated by irregular
_groups of steep hills and low mountains, with . numerous lekes and
marshes in the intervening lowlands. The lowlands and much of the
hill topography constitute the he.phs.zard, little dissected, surface
of the deef) glacial overburden beneath which the pre«glacial bedrock
drainage courses are completely Wied. Across the lowest areas of
this overturden the Androscoggin River and its tributaries follow
irregular winding courses in poorly=tefined valleys. Development of
tributary drainage is still rudimentary. While bedrock is exposed,
or close to the surface, in the high hills and mountains, outcrops
are small and scattered in the lowlands. Bedrock is exposed in
numerous short channel reacheg, but, with few exceptioﬁs, the dhannel
has not been incised into the rock more tha.ﬁ 5 %o 10 feet., Bedrock
within the drai.nage area is predominantly granite, schist and gneigs

with ocecasional mreas of slate snd other metamorphic rocks. The

.-'-)-l--



overburden consists mainly of gravelly, somewhet silty sands. Exten-
give deposits of sand and, in some areas, silt, are found in the lowe
lands.

1. The upper part of the basin iz largely wild land with
compavatively few settlements, slmost 2ll of which are on, or ciose
to, the streams. In the lower half of the basin there is a large
volume of menufacturing, the principal products being cotton zoods,
pulp and paper. This part of the basin, below Rumford, is served by
the Maine Central and Grand Trunk Railrozds and by good highways. in
the upver half there is a branch of the Maine Central Reilroad which
follows the Swift River to serve the Rengeley Lake district and the
Grand Trunk Reilroad Line which roughly versllels the west limit of
.the basin to Berlin where it turns out of the watershed.

8, The only cities and towns in the basin with populations ex-

ceeding 3,000 are the following (all located on the main river):

PRINCIPAL, CITIES AND TOWNS

City or Town Population Distance from
(19% Census) Tidewater (miles)

Lewiston, Me. 34,939 oy
Auburn, Me. 18,571 ol
Berlin, N. H. 20,018 : 134
Runford, Me, 8,726 g2
Brunswick, Me. 7,604 0
Lisbon, Me. 4,002 7

The total population of the basin in 1930 was nearly 1850,000;
approximately 124,000 in Maine and 26,000 in New Hampshire.

9. Msain River, - The river rises at the Cansdian border near the
boundary between the States of Maine and New Hampshire in mountainous
territory which lies at an elevation of 2600 to 2900 feet above mean
sea level. The main river is considered as having its source in
' Umbagog Lake tut the actual headwaters of the vrincipal contribubting

streams lie about YO miles further north. From Umbagog Leke the

river flows in a southerly direction in New Hampshire for about 35

-5-'



miies bef&re turning east into Maine. From the Maine-lew Hampshire
line the river comtinues in am easterly direction for a distance of
70 miles and then turns to flow generally south for 60 miles before
reaching tidewater at Brunswick, Maine, The mouth of the river is
at its outlet into the west end of Merrymeeting Bay, o tidal basin
through the eastern portion of which the Kennebec River flows. The
total length of the Androscoggin River from headwater to tidewater is
about 200 miles.

10, Umbagog Lake lies at an elévation of 124%4 feet above mean
sea level, so that the average slope of the river in the 167 miles
from Umbagog Lake to tidewater is nearly 7.5 feet per mile., In the
30 ﬁiles from Umbagog Lake to & point just above Berlin, Neﬁ'Hampshire,
there is a fol1l of 192 feet, or 5.1 feet per mile. In the next 2,7 miles
there is concentrated a fall of 238 feet, or slightly more than 88 feet
ver mile, From this point to the state line, a disténce of %5 miles,
the fall is 174 feet, or 5.0 feet per mile, The fall from the state
line to the mouth of the Swift River at Rumford, a distance of 37
miles, is 252 feet, or 7.0 feet per mile, but imcluded in this reach is a
fall of 177 feet in a distance of 1.7 miles at Rumford, more than 100
feeﬁ per mile, In the mext 21 miles there is a fell of only 68 feet,
or 3.2 feet to the mile, and in the remaining 61 miles to tidewater,
3B feet, or nearly 6 feet to the mile,

11. Records of digchesrge of the main.river at fuburn, Maine
(ireinage area 3260 square miles), 24 miles above Brunswick, for the
Omyear period 1928 =~ 1936 give: maximum 135,000 cubic feet per gecond
(March 20, 1936); minimum 465 cubic feet per second; mean 5420 cubie
feet per second, (These discharges are affected by storage regulation
above. )

12, The‘tidal'portion of the river extends from Merrymeeting Bay
to the netural falls and dem at Brunswick, a distance of about 3 miles,

The mean range of tide in this reach wvaries from 3 to 5 feet and the

controlling depth at mean low water is 3 feet or less,

n6n



13, Tributaries. = The principal tributaries of the Androscoggin

River in order of location from headwater to mouth are as follows:

TRIBUTARIES OF THE ANDROSCOGGIN RIVER

Drain- Distance
age of mouth Discharge of Record
Area Location from cef.s./s5g.mi.
River (sqe mi.) Headwaters Mouth tidewater Max. Min., Mean
(miles)
Magalloway 500 At Internation- Errol, 165 Comple tely
al boundary 13 N. H, regilated
Mil. W. of Big
Island, Me.
Swift 135 Hh Mi. H. of Rumford, &2 136.84 .OB* 1.87
Houghton, Me. Me.
Webb 125 3 Mi. N.E. of Dixfield, 75 Yo geging station
Weld, Me. Me.
Dead 100 Y Mi. N. of 5 Mi. No. U6 No gaging station
Vienna, Me. of Leeds, Me. o
Nezinscot 275 2 Mi. N.W. of Y4 Mi, N.E., 38 No gaging station
Redding, Me. of Turner;
Me.
Little Bryant Pond, . Auburn, 2l 46,58 .01* 1.83
Androscoggin 380 Me. Courity ,Me,

* Regulated by controlled storage.

HYDROLOGY OF THE BASIN

14, (limate. - The Androscoggin watershed lies in the path of the
plénetany winds known as the Wprevailing westerlies", and in the path of
the extratropical cyclones which traverse the United States in a general-—
ly west to east direction. The regularity of prevailing westerly winds
in Yew Englsand, ig, however, greatly broken up by this cyclohic activity,
so that only long avereges show the prevailing westerly direction. The
extratropical cyclones account for the characteristic succession of high
and low berometric pressures, the "lows" being sssocisted with unsettled
weather and more or less precipitation, Thése storms ap?roach New
Englend in directions varying from west or somewhat north of west to south

southwest. Those approaching from the more southerly directions travel

ol



along the Atlantic coastline and, because of théir more abundant supply
-of molsture, teﬁd to result in greater precipitation. Extratrdpical
cyclones cross ovér, or ¢lose enough to, New England %to affect the
Androscogginlwatershea thropghout the year. In addition to these storms,
others of tropicel origin, that isg, West Indian hurricanes, also affect
Few England. These hurricanes, after leaving the regions of their
origin, twmn noréhward and move along the customary paths of ex£ratropical
cyclones, buit lose, however, much of their originsal violence before |
reaching New England. = These storms result in heavy precipitation but
gince their occurrence ig limited to the seasons of late sumer and
early fall, when the watershed is in condition to absorb large quantities
of water, the danger of gerious floods from that source is greatly
diminisghed,

15. The temperature of the region varies widely, from below
freezing in winter to the high summer temperatures required to support
an abundant and varied plant life. Some relief from exiremes resultis
from the proximity of the Atlantic Ocean, but this effect is counter-
acted somewhat by the offshore direction of the prevailing winds,

16. The foregoing conditions produce a climate of varisble weather,
characterized by frequent, but short, periods of heavy precipitation.
This precipitation is rather wuniformly distributed throughout the year,
with a vprobability of torrential rains somewhat higher for the month of
September, coinciding with the season of coastwise hurricanes from the
tropics. A heavy anmial snowfall results from the sustained low
temperatures of winter.

17. Records of Temperature and Precipitation. =~ The United States

Weather Buresu maintains nine observation stations for temperature and
precipitation in the Androscoggin watershed. Records from thege stations
have been supplemented by records from three stations located in ad jo~

cent arsas. A1l stations used in this study of the Androscoggin River

are listed in the following table:



OBSERVATION STATIONS POR PRECIPITATION AND TEMPERATURE

Period of Length of

Station Elevation Record Record Remarks
(Peet above (Years)
Mc SQL. )

Stations in Androscogegin Watershed

Oquossuc Dam, Me. 1534 1900~1.930 3 1902,03,07,09,
12-16, 30
records incomplete
Upper Dam, Me. 1484 1886~19735 50
Middle Dam, Me. 1430 1905-1935 31 193 record
) incomplete
Azimcohos Dam, Me. 1528 1911-1933 23 1933 record
: incomplete
Errol, N. H. 1260 18851935 51 1929,30,32,34
. records incomplete
Milen, N. H. 1190 1887-1898 22 1.898,1926
1926-1935 records incomplete
Berlin, N. H. 1110 1887~1903 35
1918~1935
Rumford, Me, 505 18941935 b2
Lewiston, Me. 182 1875-1935 61

Stationg in Areas Adjacent to Androscoegin Watershed

In Presumpscot River Basin

North Bridgton, U50 1893~1935 43 1893,1894

Me. records incomplete

In Kennebec River Basin

Farmington, Me. yes 1891~19735 U5
Gerdiner, Me. 139 1837~1935 99
18. [Temperaturs. - The mean annual temperature as determined from
the records of four stations (Berlin, Rumford, Lewiston and Farmington)
is 42,7 degrees Fahrenheit. Mean montaly and ennual temperatures at
these stations are given in the following table and are shown, graphically

in Figure 3,



MEAN MONTHLY AND ANNUAL TEMPERATURE ~ DEGREES FAHRENHEIT

Month Berlin,N.H. Rumford,Me. Lewiston,Me. Ferminzton,Me. All Stations

Elev. 1110 505 182 L2k

Jan. 13,5 16,7 18.2 15.6 16.0
Feb. 15.6 17.7 18.9 17.4 17.4
Mar. 27.5 29.1 29.8 28.9 28.8
Apr. . 39.7 41.1 41.9 4.9 41,2
Uay 52,0 53,2 53.9 54.2 5343
Juns 61,0 601 63.2 63.1 62.0
July 65,2 - 68.4 69. 68.1 68.0
g, 63.2 65,2 66.3 65.6 65,2
Sept. 56,4 58,0 59.5 ' Eg.o 58.0
Oct, 45.9 47,3 48,8 7.2 47.3
Nov. 32.5 3309 35-8 3”'-0 31-".1
Dec. 18.8 21.8 23.3 21.3 21.3
Anmal 1,0 42,7 Uy, 2 42,9 : 42,7

19. pPrecipitation. = The mean annual pfecipitation as determined
from the records of nine stations (Uoper Dam, Middle Dam, Errol, Berlin,
Rumford, Lewiston, North Bridgton, Farmington and Gardiner) is 39.4 inches.
Mean monthly and annuel precipitations at these stabtions are given in the
following table and are shown, graphically, in FPigure Y,

MEAN MOWTHLY AND ANNUAL PRECIPITATION* IN INCHES

Month  Upper Dam Middle Dam Frrol ,N.H. _Berlin,N.H. Rumford,Me,

Elev. 148l 1430 1260 1110 505
Jan. 2,44 2,05 2.78 2.9 2.88
Fob. 2,06 1.8Y4 2.61 2.82 2.9
Mar. 2.55 2,18 2,82 3,33 3.32
- Apr. 2.18 2.2 2.60 2,65 3.22
Mey 2,93 3.33 2,97 2.9 3.28
June " 3.26 3.56 3.79 3,63 3.53
July 3.25 3,61 3.78 3,50 3.67
Aug. 3,28 3.96 3.9 3.61 3.58
Sevt. 2,15 3.52 3,43 3.10 3.50
Oct. 2.51 3.01 3,10 3.0k 3,19
Nov. 2,78 2.85 3.11 344 3430
Dee. 2,38 2,11 2.82 2.98 2,0
Anmual 32,77 3, LY 37.76 37.96 39.734

¥ Including water equivalent of snow precipitation.
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MEAN MONTHLY AND ANWUAIL, PREGIPITATION IN INCHES (Cont'd)

¥Yonth lewiston,Me. N.Bridgston,Me. TFarminston,Me. Gardiner,Me. All Statione

Elev. 182 b0 L2k 139

Jan, 3.84 346 3.29 3. : 3.03
Feb, 3.73 3,34 2.95 3.33 2.86
Mar. 4,28 3.91 ' 3.0 3.91 3.35
Apr, 3,42 3.45 3.29 3,33 2.9
May 347 3.55 3,68 3.64 3.3
June 3.U48 3.58 3,68 3.23 3.53
July 3,60 k.19 3145 2,37 3.60
Aug. - 3.21 3,64 3.87 3.51 3.6U
Sept. 3.52 3470 359 3.33 343
Oct. 3.59 3.21 ERO h,08 3.24
Yov. 3.83 3.61 3.59 3.93 3.39
Dec. 3.9 3. Ll 3,46 3,64 3.07
Anmuel 43,88 43,08 42,19 43,00 39,40

20. Distribution of Precipitation. - Figure 5 is a general 150w

hyetal mop showing the distribution of annual rainfall throughout New
England. The monthly frequency of heavy rains {those having 2lwhour
precipitation in excesgs of 2 inches) at Rumford, Me., is shown in
Figure 6,

2l., ZExvected Rainfall, - The expected frequency of heavy rainfall

has been computed for two stations on the,ﬁaferéhed: Rumford, Maine, and.
Berlin, WNew Hempshire (the latter combined with Bethlehem, New Hampshire),
The amouwnt of reinfall which may be expsdted in one deay is as follows

(see Figures 7 and 8):

EXPECTED FREQUENCY OF RAINFALL

Period Rumford, Me. Berlin~Bethlehem, N. H.

Once in 1 year 2.0 inches or more 1.7 inches or more
W10 years 3,8 i nooon | T 3,2 M " "
noo# 25 W u.g u nooon ‘ hoa oM i "
noomsy W 55 It th f u.8 " ] i
L O 5.9 " nooou 5.2. " " #
nooupp oM 6.3 u u A .6 u o

22, Showfall., = Figufe 9 is a general igohyetsl map of snowfall in

New Englend. Snowfall on the Androscoggin watershed varies from 77 inches



on the coast to 130 incheslon the northern headwaters.,

23. gggg Surveys. = For a number of years the powsr companies
operaﬁing on the Androscoggin River have conducted through the winter
snow surveys in the Rangeley Lakes region. By means of these surveys
the companies obtain data regarding the "snow covef“, that is the depth
of snow on the ground and itg water equivalent. These data are utilized
in operating the storage reservoirs which are filled each spring by run-
off from the accumulated snow and incidental minfall. For the past two
years these snow surveys have been complete enough to show the gradual
accumulation of the snow blanket throughout the winter (see Figures 10
and 11), Data from these gnow surveys sﬁow the depletion of the snow
cover during March, 1936, fThis is illustrated in Figure 12,

24,  An additional study was made of the snow run~off from that
portion of the watershed between Erroi, Wew Hampshire, and Rumford, Maine,
This study included the months of March, April and Mey for the period
from 1925 to 19%6. The run=off from rainfall was computed by means of a
distribution factor and the unit hydrograph (see Paragraph 81) on the
assumption that e8ll of the rainfsll on top of the snow becanme runnoff,
The excess of observed run-off over that domputed wag attributed to
melting snow. Snow run~off should, therefore, be egual %to or greater
then that shown. The fGaily melt of snow was then computed by reversing
the application of the distribution factors. These quantities are shown
in Figures 13 to 16. An explanqtioﬁ of the methods of computation is
contained in the review (now being prepared) of the report on the Mer-
rimeck River, New Hampshire and Massachusetts, submitted in 1929 snd
prinfed in H. Doc. No. 649, Tlst Congress, lst Session, This review
report is hereinafter referred to as the #1936 flood control report on

the Merrimack Ri&er“.

25.  Stream-Flow Records, - The United States Geological Survey has

maintained eleven gaging atations in the basin (see Figure 2). S;atistics

of these stations are given in the following table!
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STREAM GAGING STATIONS

Location of Drainage Period of Discharee
Gaging Station Area Record Cubic Feet Per Second
‘ Mean Maximam Minimum
(sq. mi.) s
Androscogein River
Errol, N. H. 1090 19051923 Completely Regulated
Berlin, N. H. 1380 19131922 2180 14,300 *
Gorhem, N. H. 1390 1929-1.936 2360 19,900 g6O*
Shelburne, N. H. 1500 1903=1907 - 15,600 *
Rumford, Me, 2090 1892~1936 3480 T4 ,000 #
Dixfield, Me. 2270 19021908 4gho —— *
Gulf Island, Me. 2860 1936 - 118,000 1550%
Auburn, Me. %260 19281936 K420 135,000 %
Magalloway River ‘
Azigcohos Dam, N. H. 233 19121935 Completely Regulated
Swift River :
Roxbury, Me. 95 1929-1936 178 13,000 5
Little Androscoggin Riyer
South Paris, Me. 76 1913-1.924
193%1-1.93%6 139 6,980 1

¥ Flow regulated by controlled storage
Hok Instantaneous peak discharges

Information concerning the accuracy of records from the above-listed
gaging stations is given in APPENDIX C.

26. Mean Monthly Flow. =~ The mean monthly flow of the Androscoggin

River at Rumford, Maine, with the equivalent run-off, is given in the

following $able. The mean monthly runwoff is also shown graphicelly in

Figure 170
. MEAN MONTHLY ¥FLOW AT RUMFORD, MAINE
Drainage Ares 2090 square miles)
Discharse Equivalent
Cubic Feet Per Second Run~off in
Month Cubic Feet Per Second Per Square Mile Inches
Jonuary 2460 1.18 1.36
February 2320 1.11 1.16
March 3760 1.80 2.07
April 7260 3.47 3.88
May 6830 3.27 3.7
June 3920 1.88 2.09
July 2510 1.20 1.38
Avgust 22U0 1.07 1.24
September 2310 1.10 1.23
" Qctober 2550 1.22 1.
November 3050 1.48 1.65
December 2500 1.22 1.
Mean 3480 Mean 1.67 Total 22,65

Annual
-~13 -



NAVIGATION

27, Portion Improved., » No improvement of the Androscoggin River

in the interests of navigation has ever been undertsken by the United

States,

28, lLatest Survey. = The oy survey by the United States of the

tidal portion of the river was made in 188l for the report'published in
Sen. Ex. Doc. No. 45, U7th Congress, lst Session. This survey showed s
controlling depth of 3 feet at mean low water to Brunswick, Maine.

29, Latest Mention in Annual Report of the Chief of Engineers, =

The latest mention of the Androscoggin River in Annual Report of the
Chief of Engineers was in Part 1, pege 68, of the report for 19i7.

30. Present Depth. ~ Pregent depths in the tidal portion of the

river are not known, no soundings heing shown on the Uﬁited States Coast
and Geodetic Survey Chart No. 1204 above the outlet into Merrymeeting
Bay. It is probable, however, that the controlliﬁg dépth,to Brunswick
is not greater than the 3 feet at mean low water indicated by the

survey of 1881,

3. Commerce. = No commercial statistics are availéble.

32, Discussion. = Ppior reports (see Parsgraoh 3) have been une
favorable S0 improvement of this river in the interests of navigation.
The conclusions of the report under review (H. Doc. No. 6H6, Tlst
Congress, 31 Session) were that any extension of nevigation through or
above tidewater would not be economicelly advisable. New developments
which would require revision of these conclusions have not taken place.
There is no reason, nor demend, for improving the tidal portion of the
river below Brunswick, The population of Brunswick, a manufacturing
town at the head of tidewater, is about 7,600; of Lisbon, the next upe
stream, about 4,000; and df Lewigton, the largest city in the basing
nearly 55,000, including Apburn which lies across the river. Navigation
could be extendefl above Brunswick only -at high cost by means of locks
with dams where necesgsary. Td reach Lewiston and Avburn a rise of

113 feet would have to be overcome in 24 miles and, while some of the

existing dams might be used for slack water, locks would, in most cases,
- have to be cut into them, seriously reducing the spillway capacity.

- 1l -



Much rock excavation would be needed for thé gpproaches, and 1t would be
difficult to build any new structures without interfering with the mills.
Above Lewiston and Auburn there are no towns of commerce sufficient to bé
benefited by navigation, and the tribntafy districts are largely undevele
oped. Transportation by railrosd and highway is adequate for present
needs.

33. Conclusions. ~ No revision is required at the present time of

the conclusions of H. Doc. No. BU6, Tlst Congress, 3d Session, that ex
tension of navigation through or above tidewater would not be economi-
cally advigable.
IRRIGATION

34.  The cultivated areas in the velley are small and the rainfall
varies from LY inches near the coast to 33 inches in the northern portion
of the basin. fThig rainfsll iz ample for existing and prospective
agricul ture, and irrigetion is unnecessary.

POWER DEVELOFPMENT

25, General Discussion of Exigting Power Development. = The An=

droscoggin River is highly developed for power generation. With a
totel drainege ares in Maine snd New Hampshire equald to 10.H per cent of
the ares of %the State of Maine, the installed gemerating capecity is

U5 per cent of the +otel for the entire state. There are within the
basin B3 waterwpower developments of more than 100 horsepower with s
total installed genersting capacity of nearly 248,000 horsepower.

36, The growth of power development in the Androscoggin basin
during the past 25 years is shown by the following table, which is made
wp from the report under review (H. Doc. No. 6&6,.71st Congress, 3d
Session), and from data furnished directly by the District Engineer of
the Water Resources Branch of the United States Geological Survey a%

Augusta, Maine, and at Boston, Massachusetts.
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Installied Generating Capecity, horsepower Average
In New Hempshire In Maine Total Annusl
Date Incresase
. thorserower)
1910 22,100 101,355 123,455 6
. bb32
1928 55,050 187,751 242,871
132
1935 60,850 187,107 247,957
37. The annual rate of increase was greatly reterded during the

Pa.st seven years.

This retardation was caused partially by the eco-

nomic depression, partly by drift of the textile industry to the sounth,

end. largely by the completion, in 1932, of the Wyman power development

on the Kennebec River, with sn installed capacity of 68,000 horsepower.

The absorption of this large volume of additionsl power was facilitated

by the power transmission net interconnecting the various river basins

(Figure 18).

The same facility of distribution, however, exercises a

retarding influence upon development in adjacent dralnage areas pending

ahgorption of edjoining surpluses of power.

38.

Tabulation of Existine Developments. =~ The following table,

taken from records of the United States Geological Survey, shows the

installed horsepower, in plants of 100 horsepower and greater, in the

Androscoggin basin, as existing in the year 1935
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POWER INSTALLATIONS IN THE ANDROSCOGGIN RIVER BASIN - 1935

(Installations of less than 100 horsepower not tabulated)

_ : - ACCUMULATIVE INSTALLED
NAME OF DAM LOCATION CWWER E USE HBAD TOTAL HEAD CAPACITY
: ! (feet)  {feet) {horsepower)
i

MAIN RIVER IN MAINE _ i

Brunswick Brunswick Central Me. Power Co. | Pub. Util. 14) 1k 1,932

Brunswick _ Brunswick Cabot Mfg. Coa i Mfe. 14) 500

iCabot Mfg. Co. Brunswick Cabot Mfg. Co. ¢ Mfe. 19) 4,200

lcabot Mfz. Co. Brunswick Cabot Mfg. Co. L ufe. 19) 33 6,000
ejepscot Mills Brungwick Pejepscot Paper Co. Paper 22 B5 g,084

Lisbon Falls Lower Lisgbon Falls Pejepscot Paper Co. Paper i 13.5 68.5 1,489

%isbon Falls Opper Lisbon Falls Worumbo Mfz, Co. Foolens P19 87.5 900
nion Water Power Co. Lewiston Union Water Power Co. Textiles & | 50 137.5 23, 666

with various lessees Pub. Util.. {max. )

Androscoggin No. 3) Auburn Central Me. Power Co. Pub. Util, 31) 6 10,650
Deer Rips Lewiston Central Me. Power Co.. Pub. Util. 32) 169.5 5, 500

Gulf Island Gulf Island Central Me., Power Co. Pub. Util. 50 219.5 27,000

Livermore Falls Livermore Falls Int. Paper Co. Paper & Pulp 31 250.5 10,800

Qtis : Chisholn I,t. Paper Co. {  Paper & Pulp ol 2745 9,426

Jay Jay Int. Paper Co. ‘ Paper & Pulp 13.8 288.3 3,500

Riley Riley Int. Paper Co. Paper & Pulp 20 308.3 6,963

Rumford (34 fall) Rumford Oxford Paper Co. Paper 30 338.73 4,669

Runford Falls Power Runford Int. Paper Co. Paper & Pulp 4e 280.3 14, THY
Co. Middle

Rumford Falls Power Rumford Oxford Paper Co. Paper & Pub. 98 ugh,3 39,000
Co, Upper Util.

Total developed on main river in Maine 179,023

P hgh.3




POWER INSTALLATIONS IN THE ANDROSCOGGIN RIVER BASIN - 1935

(Installations of less than 100 horsepower not tabulated)

: AQCUMULATIVE IFSTAILED
NAME OF DAM LOGATION OWNER USE HEAD TOTAL EFAD CAFACGITY
_ (feet) (feet) (horsepower)
MAIN RIVER IN NEW HAMPSHIRE
L.ead Mine Bridge Shelburne Brown Co. Mfe. 16 500.3 3,000
Shelburne S Shelburne Brown Co. , Paper 17 517.3 4,900
Twin State Gas & Blec. Co. | Gorham Twin State Gas & Elec. Co. Pub. Util. 18 5353 2,700
Gorhem Gorham Brown Co. Paper 30 56543 6,000
Cascade Mill Berlin Browa Co. Paper & Y 609.3 10,800
# ’ Pub. Util. N
Cross Flant Berlin Brown (0. Paper 21 63043 4,750
Glen Mill No. 5 Berlin Int. Paper Co. Paper & 22 652.3 4,000
_ Pulpo

Glen Mill B Berlin Int. Paper Co. Pylp 21 673.3 4, 600
Glen M¥11l1l C Berlin Iant. Paper Co. Pulp 27 710.3 5,100
Riverside Berlin Brown Co. Mfz. 65 775.3 15,000
Total developed on mein river in New Hampshire 291 60,850




POWER INSTALLATIONS IN THE ANDROSCOGGIN RIVER BASIN - 1935

(Installations of less than 100 horsepower not tabulated)

_ INSTALLED
NAME GF DAM STREAM LOCATIOR OWJER USE HEAD CAPA CITY
{feet) (horsepower)

TRIBUTARIES IN MAINE _

Grants . | Kennebago R. Grants Oquossoc Lt. & Power Co. | Pub. Util. | 32 410
Barker Mills Lower Little Andros. R« | Auburn Central Me. Power Co. Pub. Util, 78 800
Barker Mills Upper Little Andros. R. | Auburn Central Me. Power Co. Pab, Ubtil. 32 758
&:ittlefields i Little Andros. R, | Auburn Central Me. Power Co. Pub. Util. | 2% 1,488
Minot * Little Andros. R. | Minot Rogers Fibre Co. Mfz. 11 224
Hackett Mills i Little Andros. R, | Hackett Mills |Rogers Fibre Co. Mfe. 11 364
Mechanic Falls - Iittle Andros. R. | Mechanic Falls | Waterfalls Paper Mills Paper 36 1,907
Oxford ; Thomw:j}‘jsweam i 0xford " | Robinson Mfg. CGo. Textiles | 11 315
Forway | PennesSeéwagsee L. ! Norway Central Me. Power Co. Pub. Util. | 52 - 450
Lisbon Centre i Sabattus R. » Lishon Centre |Farnsworth Co. Textiles 18 235
Lisbon ¢ Sabattus R. Lisbon Lisbon Spinning Co. Textiles 21 500
Sabattus | Sabattus R Sabattus Park Mills Co. Textiles b 133
Turner | Neginscot R. Turner Central Me. Power Co. Pub. Util. | 14 180
Chage Corners Martin Strean Chase Corners |{ILuther M. Hodsdon Saw Mill 11 200
Eale Swift R. Hale J. A, Thurston Co. Saw Mill 19 120
Total developed on tributaries in Maine 333 8,084
Total developed in basin 1108.3 247,957

* Destroyed by March 1936 flood.




39.. The Androscoggin has a smeller drainage ares than either the
Kennabgc or the Pénobscof, Yet notwithstandiﬁé that no additions were
made during the last seven years, the installed generating capacity is
greater in the Androscoggin‘basin than in either of these other rivers,
The power possibilities of the river are favored by the large upstream
lake areas, which amount to approximately 80 s@uare miles. Totel storagé
in the basin amounts to_738,000* acremfeet, equal to 213 acre-feet per
square mile, Charactéristics of flow of the river are shown by the
duration curves (Figures 19 and 20).

Yo, The principel producers of power for public utilities are the
Central Maine Power Compeny snd its subsidiary, the Androscoggin Tlectric
Company. The systems of these companies are widely distributed and well
interconnected for the interchange of electric power., (enerating
capacities at their plants, however, are consideraﬁly in excess of

present regquirementg.

41, Power Market. » The growth of power development prior to 1930
was remarkable. At present power is developed on this basin at the roate
of B4 horsepower per square mile of drainage area, as compared with 27
horsepower for the Kennebec and 15 ho?sepower for the Penobscot. Morew ‘
6ver, the normal flow in the river, with ifs great reserves of storasge
upstream, can produce much more power than now reguired., Most of the
plante have the equipment and water available'to furnish a large addie -
tional amount of electric power at 1ittle increase in operating costs.

If this surplus power could be sold, it would mﬁterially reduce the
_uwnit cost of pro&uc@idn. ;m:

42, The average yeerly consumption and prices per customer of the

Androscoggin Electric Company are shown in the following table:

AVERAGE ANNUAL ENERGY CONSUMPTION FER CUSTOMER

Year Domesgtic Use Industrial Use
Amount Average Price : Amount  Aversge Price
(Kilowatte (Cents per Kilo= (Kilowatt= (Cents per Kiloe
Hours) watt-Hour) Hours) wa.tt-Hour)
199 613 ' 6.29 38,200 2.05
1931 811 ' 5.29 34,500 1.87
1934 : 792 K.20 40,500 1.69

* From report of Maine State Planning Board, 1934-1935,



The average revenue from all electric energy sold by the public util-
itieg in the hasiﬁ for the yesr 1933 was 2.6 cents per kilowatt=haur,

43, An appreciable emount of the power used in the Androscoggin
drainage area originates in the Xennebec watershed. The actusl guon-
tity so imporied cannoi be determined; however, since the principal
utility, the Androscoggin Eleetric Company, is o subsidiary of the
Central Maine PYower Company, which operates principally in the Xennebec
basin, and published production figures do not differentiate between
their resﬁective outputss It is believed, however, that this inter
change is of a fluctuating character, facilitated by the intercon-
necting transmission net and dependent upon variations in the demand
(Pigure .21),

Ui, fMhig tendency towards a pooling of generating capacity is o de-
sirable development, for a combined system can maintain a higher load
factor and operate more economically, making it possible to reduce the
cost to the consumer (Figure 22),

45, Estimated Future Growth. « At present the area is well supplied

with power and there exists a considerable surplus generating capacity
‘in existing plants. Further poﬁer development is limited by the distance
to markets and by the Maine statuteprohibiting the export of hydro-
electric power from the state. Phe latter eliminates the metropolitan
area of Boston as a possible market (Figure 23).
46, Future expansion of the power demand, therefore, barring
legislative action by the state, iz dependent upon the following factors:
&« Increased industrial activity.
b, Further farm electrification,
c. Growth of population.
u7. Undoubtedly the indugtries in the Androscoggin valley are due
to participate in the recovery from the economic depression. This ten-
dency, howevef, ig offset by the emigration of the textile industry to

the South. If this trend continues, it may about balance the normal

growth of the pulp and paper mills. I+ is probable, therefore, that for

the immediate future no large increase in market for industriai power
‘ w2l -



will occur.

4g, The use of electricity on farms may provide an outlet for some
of the surplus gemerating capacity, especially ag a result.of Federal zid
for rural electrification., This development is already well advanced,
however, gince in 193M approximately 33 per cent of the farms in the valley
received electric service., In Androscoggin County this proportion was
-hT per cent, A factor limiting further expension is the continued decrecase
in farm utilization in the State of Maine, which decline amounted td 14,5
per cent betwaen 1920 and 1930, Extension of service to a 1a¥ger number
of farms, while desirable, iIs handicapped by the wide scattering of famm
houses and by the poor economic condition of the farmer. The most promising
field for further rural consumption of p0wef appears to lie in addifional
use of energy for household appliances and farm machinery on farms already
connected., Between 1929 and 1934 electric consumption on farms in the
ares served by the Central Maine Pﬁwer Compan& increased from 370 kilowatie
hours per customer to 500 kilowatt~hours, a gain of 3 per cent.

49, The best outlook for increased power consﬁmption is undoubtedly
in the field of domestic use. With expanding industrial recovery, and
normel growth of population, it is to be expected that the number of
customers will increase, algo that & greater consumption per customer will
result. During the business depression the dectric manufacturing companiesg,
unsble to sell 4their heavy equipment, pushed the sale of household
appliances to an extent unknown even in the prosperous days before 1930.

It is believed that this use of appliances is largely responsible for the
‘present record consumption of eleetric energy, at o time when the
industrisl load is still well below its former peak.

hO. The following.table illust;ates the gain in electric donsumption
per customer betwsen 1929 and 1974, in the area served by the Central
Maine Power Company and its subsidiary, the Androscoggin Electric Company,

as compared with the gain in the entire Uhitea States:
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Per cent of

Clagg Quentities Incresase
1929 1934
Farm Consumpition, per Customer
Kilowatt~hours 370% 500 34
Total Number of Customers 51,894 57,663 11

Aversge Consumption, all _
Customers, Kilowatt~hours 445 690 55

United States ss a Whole,
Average per Customer,
Kilowat t=hours BLO* 631 2y

*Approximately.

Fl. In spite of the favorable prospects for domestic power consumption
the probable expansion is not likely to affect the present installed gener-
ating capacity of existing plants. There ig still a,iargersurplus to De
absorbed, with a highly developed transmission system to facilitate the
transferof power. It is probable that there will still be a surplus
available from outside sources after the generating capacity of the
Androscoggin has been overtsken by the demand.,

h2. Reconstruction and modernization of older and smaller plants -
and possibly the installation of Keplan type turbines in some of the
latter would result in an increased output and efficiency. This will
probably be the first step towards satisfying the rising demand in thig
district. It is not likely, however, that new developmenis will become
necessary in-the near future.

" h3. Potential Power Development. = The report under review (H. Doc.

No.‘6h6, 71st Congress, 31 Session) lists 39 potential power sites with
undeveloped power possibilities.in excess of 100 horsepowerlat each site.
Of these 26 were on the main river and 13 on the tributaries. After
eliminating 1ocationslat existing mills and on the tributaries where the
possible developments would be too small or too far from markets to compete
with power supplied by the public utility compenies, there remained 16
sites on the main river, capasble of developing 52,000 horsepower for 90
per cent of the time., These potential sites ranged in cize from 1400

to 6000 horsepower. The average was 5200 horsepower.



5l Since the date of the above report, July 12, 1929, none. of thesge
sites has been devéloped. One reason for this is that the nmogt favorable
locations are already ;n use; another is the surp&us generating capacity
in the Androscoggin basin; a third is the ease and economy of importing
power from the adjoining Kennebec basin, Redevelopment of old plants to
produce more power will probably be carfied out extensively before resorting
to new construction for providing additional power.

55." In this connéction, it is reported that at a number of the
smaller plants, where turbines or other water wheels had been in use as
prime movers of the mill machinery, the tendency has been to abandon such
a drive in favor of electrie motors. In these cases it is customary to
digcard entirely the local power plant and %o purchase energy from the
public ufility companies, rather than to incur the higher costs of
generating it at the mill gite. .

-~

56. Combined Power and Flood-Control Benefits. ~ In connection with

the study of flood control in the Androscoggin valley, four storage reser-
voirg are projeéted, et Runford, Dixfield, Buckfield and Oxford. These
sitegs have been gtudied with reference to their possibilities for power
storage in coméination with floodwconirol storege. The nethod of combingm
‘tion employed was to provide power storage in the lower portion of the
feservoir an@ flood~control storage as a surchage on the power reservoir.
In accordance with Departmental policy (NAD 73/83.1 August 17, 1936), the
cost of the power storage (irncluding the additional clearing required for
the power porition of the reservoir*) was first determined by deducting from
the estimated éost of & combined reservoir, the cost of providing the rew
guired flood=control storsge alone in a smallef reservoir. However, in the
present instance, since, as shown by the tabuiation given subsequently in
Parsgraph 10&, the benefits to power are nearly edual to, or greater than,
the benefits to flood control, it is beliéved that the alloecation of costs
to the power interests and the Federal and State Governments should be in
proportion to the respective benefits to power and flood contrel.

57« The cost of a hydromelectric development at the reservolr site

* For flood=control storage alone, only dead wood has to be cleared
from the timbered area within the reservoir site, btut for power storage
complete clearance is reguired,
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was determined from the estimated wmit cost of $60 per installed kilowatt
of capacity, made up as follows:
2. Power house $20

b. Weter wheel, governor,
generator and accessoriesg 22

c. Station service ~ Machine

shoyp 1
d. Switch gear and wiring 4
e. Tailrace 3
£. Inteke and penstocks 10

Total $60

Annusl charges were estimated as follows:

Power House and Dam and Reservoir

Equipment (Power Portion)
Interest on iﬂ%’iwé ’15 5% 5.0%
Amorti zafi on 2% 0.5%
Maintenance and operation % 1.0%
Taxes and insurance % 0.5%

Total 124 7.0%
Flant efficiency, water to switchboard, was estimated at 80 per cent. | It
was assumed, for the purpose of this investigetion, that evaporation from
the resei‘voir surface will eyual the precipitation upon it. The water
utilization factor was estimated a% 0.80.

ha. The study of lpower vogsibilities in combination with flood-con-
trol storage showed that the economic factors were favora;rale to & comw
bined development only at the Rumford site, located on the main river
about 85 miles above tidewater. The principal physicel features and ele-
ments, of cost sre shown in the table following Paragraph 61.

59. The storage allotted to power in the combined development would
provide a continmous flow at the reservoir site of 2,340 cubic feet per
'secbnd. Utilizing_ this flow, about 11-6,,000,0(}(} kilowatt=hours of primary
energy could be generated annusally at a power plant at the site. Opera~

tion of the Rumford Reservoir for meximum primary energy at the site

would produce an increase in the annusl output of the downstream rlantsg

equal to 37,000,000 kilowatt-hours of primary energy. The average unit
- 25 o



cost of 83,000,000 kilowatt~hours of energy produced snnually at the
reservoir site and downstream would.be 4,9 milgs. If consideration be
glven to potential sites, now gn&eveloped, the total output becomes
96,000,000 kilowattehours annually, at a unit cost of 4.3 mils. Of

the developed head of UgH feet below the site, it is estimated that
installations utilizing a total head of Y07 feet have sufficient capacity
to benefit from increased low flow. Accordingly, the increase in energy
at existing downstream plants is based on a total head of UOT feet,

the increase at potential downstream plants on a total head of 1UE feet
(undeveloped head below site plus developed head at installations not

of sufficient capacity to benefii from increased low flow).

60. If no power development be provided at the reservoir, and the
power storage be used exclusively for increaéing the low=water flow of the
stream, the reservoir may be operated 50 as t0 obtaln the maximum increase
in output of power plants downstream. Under these conditions it is estimated
that the existing downstream plants would be enabled to produce an addiw-
tional 79,000,000 kilowatt~hours of primary energy at a unit cost of 3.9
mils., If potential sites be included, the totel annusl output would be-
coms 108,000,000 kilowatt-hours, at a unit cost of 2.9 mils.

61. The foregoing date are swmmarized in the following teble. Bew
cause of the great preponderance in the State of Maine of hydro over
steam power, and of the statuie prohibiting the.export of hydro—électric
energy from the state, secondary vower lacks s ready market and is con-
sequently of no value. Accordingly, only the increased primary energy
| from the combined development was included in the computations. The
tabulated costs of primary energy have been determined as outlined in
Paragraph 57, in accordance with the departmental policy (NAD 73/83.1
Augugt 17, 1936) relsative to thé combined use of reservoirs for both
flood-control and power purposes, which provides that the additional cost
of obtaining power benefits will be contributed by the power beneficiaries.
The low tnit costs tabulated could not be reslized unless nearly 70

per cent of the cost of the reservoir were chargzed to flood control.



POTENTIAL DEVELOFMENT FOR COMBINED STORAGE

FOR POWER AND FLOOD CONTROL

Rumford Regervoir

Drainage area 2,09
Spillway elevation proposed for

flood storsge alone ' 655
Floodm=control storage 295,000
Spillwey elevation proposed for ,

combined. development 670
Meximum water-surface elevation

for power storsge 6555
Power storage 297:500
Tailwater elevation 610
Maximum gross head 45.5
Average net head 3%l
Prime flow 2,340
Installed ceapacity at the site¥ 10,500
Developed head below the site ugy
Potential undeveloped head below the site 71

Costs (including interest during construction)

Combined storage for flood control and power

Flood-control storage

Power stornge

-Power hoase and equipment,
development at the site

Total cost of power development at site

Annual Charges for Power Development

Reservoir snd dam

Power house and equipment

Total

* pssumed capacity factor, 0.50.
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sguare miles

feet, U.8.6.5. detum

acre=feet

feet., TU.S8.5.8. datum

feet., U.S5.G.S8. datum
acre-faet

feet. U.S.3.8. datun
feet

fesat

cubic feet psr second
kilowatts

feet

feet

$16,063,000
11,664,000

$ 1,399,000

850 ,000

$.5,2u9,ooo

¢ 308,000
102,000
$ 120,000



POTENTIAL DEVELOPMENT POR COMBINED STORAGE - POWER AND FLOOD CONTROL {Continued)

Analysis of Power Costs -

RUMFORD RESERVOIR

Cost Allocation Annual Anmusl Primary Energy Oubput in Xilowatt-Hours Aversge Cost of
- Charges , . Primery Energy
Method of Flood for Power Incresse atb Increasec et at Switchboerd
Operation Control Power Develop- At Site Existing Potentisl Down- Total (Mils per
* sk ok nent Downstream Plents | shream Plents Kilowatt~hours)
‘ .
3 S d
= 1(a) $11,66L,000 | 45,249,000 #h10,0c0 116,000,000 37,000,000 - 8%,000, 000 L9
i : .
1(») 11,661,000 5,219,000 410,000 6,000,000 37,000,000 13,000,000 96,000, 000 1143
“2(a) 11,661,000 11,399,000 308,000 - 79,000,000 - 79,000,000 3.9
2(b) 11,661,000 hL,399,000 308,000 - 79,000,000 29,000,000 108,000,000 2.9

*Methods of Operation

1. For meximum primary energy from power development at site.

(8) Benefits to existing, but not potentisl, downstresm power developmerts included.

(b) Benefits to existing and potentisl downstream power developments included.

2+ For meximum primary energy from existing dowmstresm plents.,

{e) Penefits to potential downstresm power developments not included.

(b} Benefits to potential downstreen power developments included,

*#% Including interest during construction.

No power installation at site.
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TR
62, ™he average cost of generation in this erea is about 5 mils*

per kilowatt-hour. The costs shown in the table following Paragraph 61
indicate that if the Rumford Reservoir is to be built for flood-control
storage, a dombined development for flood control and rower might be
preferable to one for floodwcontrol storasge alone. Further economic
anelysis is necessary to determine whether the combined development is

Justified., The results of this study are shown in Paragraph 10U,

63. Discussion. - The Androscoggin River is an important power
stream. Development has been favored by the steép slope of the river,
by the large storage afforded, particularly at the headwatérs, and by
the ready market for power in the mills, principally-textile, pulp and
paper making, which have grown up along thé river. The installed genem
ating capacity expanded very rapidly up to about 1930, but the rate of
increase has cince fallen off, partly because qf the economic depression,
partly on account of a migration of the textile industry to the South,

. but largely because of the low cost of imported power and thes ease with
which it can be transmitted from the ad jacent Kennebec basin., A large
excess generating capacity now exigts in both the Androscoggin and Kennee
bec drainage areas, and a considerable addition to this capacity is
feasible by redeveloping and modernizing old plants. Resumption of the
former rate of expansion is not likely in the immediate fubure.

64, Investigation of the possibilities of developing combined
storage for power aﬁd fiood control at the Rumford, Dixfield, Buckfield
and Oxford flood-control reservoir sites indicated that economic factors
weré-favorable to a combined developuent only et the Bumford site. The
average cost of power gemeration by the leading utility companies in
this section, including interes{ charges, is about 5 mils per kilowati~
hour. With operation of the Runford combined development to provide
meximum primary energy from power development at the site, the average
cost of the energy generated at the site and the increased energy output
from e xisting domstream plants would be 4.9 nils per kilowati~hour. If
all the potential downstream sites wers developed, this cost would be

reduced to 4.3 mils per kilowatt-hour.

* The report "Water Power Resources", State of Maine, 1929, gave the
cost of generation including interest charges, for the three largest public
utility companies of the State (Central Maine Power Co., Cumberland County
Power and Light Co., and Bangor Hydro-Electric Cou) as 5.0 to 5.9 mils per
kilowatt-~hour. Since 1929, these costs have decreased and are now.

about 4.5 to H.3 mile per kilowatt-hour.eg



The same study, however, shows that even lower costs may be realized

by omitting the plant at the reservoir site and operating the storage to
inecrease the primary output of the downstream plants. Asguming that a
market could be found for the increased output end that the finanecial
cooperation of the downstream power companies would be forthcoming to
permit the combined development, there should resuit from the low co%t of
the additional power a substantial annual return to apply on the annusl
charges of the flood~zontrol storage.

65. The computed costs, however, are possible only by charging
nearly 70 per cent of the reservoir cost to floodwcontrol storage, in
accordance with the allocation described in paraéraph 56. It remains to
be determined, therefore, whether the amount charged to flood control
- will be justified by the resulting flood benefits. In other words, the
above power benefits are dependent upon an economic study of the combined
develomment, congidering both vower and flood henefits. This study is
summarized in paresraph 104 of the section of flood control.

66, Conclugions. = The revort under review (H. ﬁoc. Wo. 646, 7lst
Congress, 3d Session), states under ¥Conclusions", paragraph 30 * * *
%additional general development of the Androscoggin is not economnically
advisable at the present time, due to the limited demanifor'power, and
to the fact that the Kennebec River possesses undeveloped sites of
superior.economic promise! * * % T4 is not believed that present condi-
tions warrant 2 change in these conclusions. Studies of the_four projeét
flood=control reservoirs to determine possibilities of combined storage
for power and flood control indicate such possibilitieg at only one of
these sites ~~ Rumford on the main river. The success of such a develop-
nment, however, depends upon'the realization of flood benefits sufficient
to carry a large portion of the reservoir cost. The Androscoggin River,
in: gpite of the present power gsituation, has a number of features favorable
to power production, its potential generating capacity is large, and the
consumption of power is increasing. Therefore, any conclusions blacing &

limitation on power production in the Androscoggin valley must be confined

to %he near future,
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FLOOD CONTROL

'67. General. -~ In the Androscoggin River basin, damage from
the floods of March, 193%6, the highest of record, extended princi=
pally from Rumford, Maine, to the mouth. Above Rumford there is no
extensive developﬁent, except at Berlin, New Hampshire, and regula-
tion by the Rangeley Lake storage system reduced flood stages to such
a Gegree that only minor damage occcurred at Berlin, and that largely
from & local gtresm. Below Rumford, the valley being well developed
agricul turally and industrially, heavy losses were suffered. Principal
losses were at Rumford, Lewiston, Auburn, and Brunswick.,  Extensive
damege to highways, rgilways and bridges also occurred in this portion
of the bagin.

8. Causes of Floods. - The two principal cemses of floods on
the Androscoggin River are heavy rainfall and repid melting of deep
snow cover. They may occur either singly or together. The principal
typre of storm is the extratropicel cyclone. These storms frequently
pase over the wateréhed at varying intervals of time, usually accom-
panied by precipitation in wvariable quantities. Theyoccur throughout
the year =and may.bring heavy rainfall in soring when & deep snow cover
oxists. Tropical cyclones, or hurricanes, may slso reach the watershed
and bring intense rainfall. These storms, however, occur only in the
sumner and early fall, at a time when the ground conditions are usually
such that much of the heavy rainfall can be absorbed without causing
large floods. On the other hand, if such storms shouid occur over a
seturated watershed, flood conditions may develown. Farthermors, the
watershed is subject to shifting air masses from both the polar and
tropical regiong., These shifting air masses are usually marked 5y "10&5“
on the edges. They may occur at any season in the year, and in the event

of a warm tropical air mass arriving in early spring, a disastrous flood



is likely %to result. A more complete discussion of the types of
storms over New England and a study of 72 actual storms.which OC~
curred from 1906 to 1936 are contained in the 1936 flood control re-
vort on the Merrimack River.

69. As indicated above, snow has an important effect upon stream
flow in this basin. A deep snow cover is actually stored ﬁrecipitap
tion, which may be released and appeaxr in the streams as run~off with
little warning, as a result of heavy rain or a gudden thaw. It'is
usually a contributing cause of floods in the spring and it may be the
main cause. Studies were made of snow run~off from the Androscoggin
River besin between Errol and Berlin,; New Hampshire, which show %that
its characterigtics are similar to those of run-off from rainfall. The
snow melt, or computed depth of water per day resulting from melting
snow, has been determined, for this vortion of the basin, for the years
1925 - 1935, and is shown in Figures 13 = 16,  As the snow is melted,
elther with or without rain, the run~off follows, in general; the.dis~
trivation of the normsl hydrograph from rain falling in the seme number
of days. This rule, however, is subject to two possible modifications;
first, loose snow may retainwier from its own melting or from raine-
fall; second, a sudden drop in temperature may freeze the snow and its
retained water befdre the run~off effect on the streams is completed.

70. Ice is also a factor in the floods which occu& early in the
spring. Usually it is not of great importance. The Androscoggin
River flows in a general southerly direction and cpnsequently the ice
in the lower reaches normally softens and zoes out sooner than that
in the upper reaches and headwaters. TWaen the spring brealtup occurs
early, however, ice jams made up of thick, sglid “blﬁe ice", are likely
to form at obstructions in the river. Ice jams which formed during the

floods of March, 1936, carried out a railroad bridge at Brunswick
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and caused much physical damage to other structures before evenw
tually passing downstream. At Rumford an ice jam was successfully
passed by regulation of the river at Errol, temporarily reducing
the stage of the river uptil the Jjam had passed.

71. Record of Past Floods. = The six highest floods of record

on the Androscoggin River at Rumford, Maine, (drainage area 2,090
square miles, of which 1,095 square miles are completely controlled)
were as follows:

: Average Run—off
Date Digcharge Poeaks for one Day

{cubic feet per (cubic feet per secoxmd
second) per -square mile)}
Average for

one day
March 19, 1936 _ | 68,300 74,000 32.6
April 15, 1895 55,230 - 26.4
Yovember 5, 1927 29,100 : - 18.7
Marcnh 2, 1896 39,010 | - 18.6
May 18, 1893 38,060 - - 18.2
March 13, 1936 | 35,600 38,200 17.0

Discharges in excess of 6,000 cubic feet per second (averase for one
day) are listed in APPENDIX B.

72. Ereqﬁency of Floods, =~ Spring, because of the occurrence of

snow run-cff, with or without rain, is the'season of high water and
floods. The monthly distfibution of floods higher thanm the average
ennual at Rumford, Maine, 1892 to 1936, is shown in Figure 24. The
Eomputed prooability of excessive flood flows at Rumford, based on
study of the recorded discharges in excess of 6,000 cubic feet per -
second (average for one day) 1892 to 1936 (listed in APPENDIX B) is
shown in Pigure 25. The maximum floods expected for various pericds

of time at Rumford are listed below.
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Period | 2Y4~Hour Discharge in c.f.s.

Once in 1 year ' 20,000
Once in 10 years : 28,000
Once in B0 years 54,000
Once in 75 years 59,000
Once in 100 years | 62,000

Very rare floods with pesk discharges apvroaching 90,000 cubic feet

ver sgecond may also occur. The foregoing figures are for Slmhour dig-
charges. Frequency curves based on instantaneous peak flows are shown
on Figures 56, 58, 60, and 62,

73. ¥ioods of March, 1936, - The floods of March, 1936, were caused

in part by factors which antedated the storms of that period. The pre=
cipitation in the form of snow of the winter months was above the average,
For the three northern states of New England the snowfall for the three
months, December, January, and Februsry, of 1935=3C, was 63.5 inches, or
g.2% sbove the 1B=~yesr sveroge of that three month period. During the
same oeriod the temperature was below the a#erage; the accumnlated dew-
ficiency for the three statew during the three winter months was 9.1° F.
below the mean temperatures for  the same months. 3By March the watershed
was under a deep snow cover vhich had not been depleted appreciably Ty
winter thaws before the arrival of the Merch storms. These storms
followed similar courses in their aporoach to Wew England; they came from
the Gulf of Mexico and passed up the Atlantic seaboard with a northward
movenent of tropicel air messes. The arrivel of the warm, moist tropical
air, cooled by the cold snow-covered surface of the watershed, resulted

in heavy precipitation and ropid melting of snow during the periods of
the storms, March 11-13% and Merch 17-19. fFhe ﬁeaxiest precipitation
occurred in the White Hountaing, New Hampshire, the northern slopes of
which are drained by the Androscoggin Rifer; smaller gquantities fell over
the headwaters and lower portion of the watershed. The daily precipite~

tion on this watershed is given in the following tabulation for the

reriod March 10-20;



PRECIPITATION « MARCH 10-20, 1936

Station Precipitation on each dey - in inches :gg:ail
10 11 12 13 1% 18 16 17 18 19 20 tdays
Beriin, N. H. .21 ,02 1.68 1,01 .02 T .09 .89 .52 2,20 .L2 ;}.06
Errol, N. H. 08 « 1,24 .38 ,08 = 66 .70 8L = = :3.95
Farmington, Me. 16 T 3,53 .68 - = .71 .24 .36 2,27 .06 :s.oo
Lewiston, Me. .17 .13 3.07 .37 =« =~ .02 .10 .651,60 =~ :6.11
Middle Dam, Me. o n 1.96 .52 08 - JE6 .62 2,30 1.60 - :7.64
Milan, N. H. e 04 1,03 .39 = = .58 .82 .74 .63 = iu.23
N. Bridgeton, Me. .20 .1& 3.78 U3 - w .35 14 .72 2,8 .08 :8.69
Portland, Me. 12 .25 1,23 .24 - T .03 .03 .22 .73 = :2.85
Rumford, Me. - .38 5.07 .33 T « (81 ,26 1,60 1.29 .4% :10.25
Upper Dam, Me. - w210 e e e 1,27 e 1,18 1,19 - :5.7&

T4, Surveys for Flood Control Studiesg. w Shortly after the floods

of March, 1936, field gurveys to obtain data required for the study of

flood control for this basin were initiaﬁed.

Do
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This work included:

‘Economic survey of dameges, direct emd indirect, caused by

the floods of March, 1936,

Determination of March, 1936, flodd profile on the main
river and each important tribﬁtary.

River cross~gections and bank topography at control points.
Data on existing structures affecting flood flow.
Topograrhic mapping by eerial photography and field surveys
of the Rumford, Diﬁfield, Buckfield and Oxford reservoir
areas (see Paragraph 86).

Aerial photogfaphs, scale approiimately 1:10,000, of the
twenty~five reservoir sites inwegtigaxed (Pigure 26) and
of Rumford, Berlin, Lewisfon'and Auburn,

Geologicel investigation of Rumford, Dixfield, Buckfield

and. Oxford dem sites.

Oblique ®erial photographs were also taken (at an elevation of about

1,000 feet) of Lisbon Falls, Meine, between Lisbon Fslls and Lewise

ton, Maine, and at a2 point 3 miles east of Lisbon Falls.
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photographs were mate by the 8th Photo Section, United States Army
Air Corps.,  These aerisl ﬁhotographs and maps prepared from the
data obtained, a8 outlined above, are on file at the United Stotes
Engineer Office, 13th Floor Cﬁstomhouse, Boston, Massachusetts,

75. ¥lood Damasgeg. = The amount of damages, direct and indirect,
caused by the floods of March, 1936, was obtained by = census of the
individual sufferers in the basin. The direct losses included all
demages to physical property and direct extraordinary expenditures
reguired on account of the floods. The indirect losses, during the
time of the flood or as a result of it, included such items as sug-
pension of buéiness, loss of sales and losses from interruption of
transportation. The losses were further segregated into seven classes,

which are shown in the table below,.

DAMAGES CAUBED BY MARCH 1936 FLOODS

Class Indirect  Direct Totel
Industrial $634,425  $867,028 1,501,453
Commercisl 87,232 302,188 389,uéo
Form snd Rurel @5 232,597 233,502
Residential 2,550 319,565 322,115
Railroads* | 86,757 290,895 377,652
Highways* 550,294 550,294
Utilities 5,997 149,146 155,143
Pubtlic Funds (Municipal) hh.lli _WaTY

Totale $817,886%% $2,T55,890 3,573,775

* Includes bridges.
¥* 0o cover indirect damages unreported but kmown to
exist, the total of this column has been doubled
in computing flood-control benefits (see Pare~
graph 91).
The losses were divided between the two states, Maine and New Hampshire,

as follows:
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State | Indirect Direct Total

Maine ' $213,101 $ 2,605,119 ¢ 3,418,520
New Hempshire 4,785 150,471 155,256
- Totals $817,886 $ 2,755,890 $ 3,573,776

Data on flood damages, in more detailed form, are on file in the
United States Engineer Office, 13th Floor Customhouse, Boston,
Massachusetts.

76. Discussion of Possible Methods of Flood Control. - Three

- of the possible methods of alleviating or eliminating flood hazards
in this basin have been found worthy of consideration. These
methods are, (1) chennel improvement, (2) levees or river walls, and
(3) reservoirs.

77. The initial cost of compmrehensive channel improvement in
the entire valley would greatly exceed the cost of reservoirs and the
resultant digturbance of the existing regimen would require the ex-—
penditure of considerable sums for maintenance snnually.  Reéuction
of logses at certain specific flood-damage centers in the lower wvaslley
nay be.effected by local channel improvements such as those discussed
iﬁ Paragrashs 96 to 99, inclusive. In general, however, such improve-
ments which are of sufficient magnitude to effect substantial reducw
tions in flood damages are not economically feasible at the present
tige.

78. The provision of flood protecfion by levees or river walls
has certain specific advantages. Such vrotection is positive up to
the kheight of levee or river wall provided, plus possibly any addi-
tional height which may be added by sandbagging or other emergency
operations immediately preceding or during a flood. Thé protection
afforded 1s, however, limited in exteni rather than general, as in
the case.of reservolrs, and there are no incideﬁtal benefits such as

those which accrue from resgervoir comtrol. Accordingly, leveesg or
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river walls will generally prove to be of greatest value in supple-
menting the protection to areas of concentrated wealth and develop-
~ment where only & moderate reduction of flood height can be secured
by a partial floodwcontrol reservoir project. Consequently, the
more the developmen{ is distrituted, the less desirable are levees
and river walls as o mesns of general flood relief,

72. The most desirable method of obtaining genersl flood relief
in the Androscoggin basin is by means of reservoirs, The maximum
flood control effect at eny point will be achieved by the location of
a reservoir or reservoirs immediately upstream from the point %o Dbe
protected. Accordingly, since the greate; part of the development in
this basin is concentrated in the lower half of the valley, for
greagtest efficiency in flood control, reservoirs should be located
as near this area as possible. Geographic distribution is also a very
important consgideration in the selection of reservoirs, The pogsi-
bility of storms centering over any tributary ig evident and a system
of reservoirs digtributed so that the msjor tributary streams are con-
trolled is desirable. The existing large lake areas and conservation
storage now furnish sufficient control on some of these tributaries,
such as the main stream above Errol Dam, the Magalloway River above
Aziscohos Dam, and Dead River above Leeds. On the other tributaries
and on the main stream zbove Rumford, the character of topography
and state of development are such that there are numerous possible
sites from which to select the mosgt desirable system of reservoirs.

&0. Plen Floods, = Since past floods of record may be exceeded

in magnitude in the future, protective works should be designed for
plan floods, such as would result from conditions purposely assumed
more severe than those which caunsed the greategt flood of record.
Several types of plan floods are possible of consideration on the

Androscoggin basin, Thege are, briefiy, as follows:
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&. A peak flow can be obtained from ) general gtudy
of flood discharge in the region of the watershed in ques-
tion. Such a study was made of flood discharge in New
England for the 1936 flood control report on the Merrimack
River. The maximum recorded peak'dischérge in cubic feet
per second per square mile was plotted against drainsge
area and an envelope curve drawn through the uppefmost
plotted points. On the assumption that one river may ex—~
perience as high a flood discharge as ano-ther of the same
drainage area, an estimated veak flood flow msy be taken from
that enwvelope curve. The principal objection to this method,
in addition to the possibtle error invelved in relating locarm
tion, shape of drainage basin, slopes, etc., is that although
it gives a neak &ischarge, it does not produce a flood hydro-
graph, which ig necessary for reservoir design. If suffiw-
cient data, including a unit hydrograph, were svailable, it
might be possible to construct an approximate flood hydrograprh
by trial and error methods,

b. The uge of a great ptoym which has passed over the
watershed, or trangposition thereto of 2 storm which has coccurred
in adjacent regions, has been resorted to in the determination
of plen floods. The objection fo this wethod is that each storm
has its own peculiarities and characteristics, such as amount of
fainfall, area covered, path, etc. Because one storm has occurred
with certain at#ributes does not necessarily mean that another
will occur with the same measurable quantities on another drainage
basin of different elevation and basin characteristics. Correctionsg micht
be made to compensate for these differences, but at best much

ad justment would be required.
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c. The planused in this study of the Androscoggin
was hased on the expected rainfall end unit hydrographs
(see Paragraphs &1 and 82).

8l, Unit Hydrographs, = Unit hydrographs* were obtained from

four stations on the watershed. The methods used are explained

in the 1936 flood control mport on the Merrimack River.  From the
average unit hydrograph, distribution factors were obtained to conw
struct a design‘hydrograph, | These distribution factors are shown in
the following table and represent the percentages of the total flow
for a given storm which will run off for each day during which this

flow persists,

DISTRIBUTION FACTORS OF STORM RUN--OFF

Draine-

age
Stetion Area 1 2 % W 5 6 7 8 9 _10 days
(sg.mi.) Distribution Percentazes
Androscoggin R. _
at Rumford 2090* * 15.9 42.6 20.5 9.6 5.6 3.2 1.9 0,7
MAndroscoggin R.
at Auburn 3@E7T*% 9.1 29,1 27.3 15.1 &.3 5.1 3.2 1.9 0.8 0.1
Little Andros-
coggin R.
at S. Paris 76 21.7 W5.2 15.7 7.9 5.0 3.0 1.k 0.1
Swift R. at .
Roxbury 9%  15.3 UW5,7 20.4 9.0 4.9 2.8 1.5 0.4

* An exposition of the unit hydrograph method is contained in
United States Geologicael Survey Weter Supply Paper Ne. 772 (193%6).

*¥ Tncludes 1,095 squere miles completely controlled.

&2. Plan Floods used in this Study. - The plan floods used in

thig study were based on the expected rainfall and unit hydrographs,
For the methods used in computing the expected rainfell and the
derivation of the unit hydrographs, see the 19356 flood control report
on the Merrimack River. The procedure is briefly swmarized here.
‘The expected dailﬁ rainfall was computed for a suitable statioh;withr

long records (covering 30 years) by J. J. Slade, Jr.¥fs probability
function (Trans. Am, Soc.C.E., Vol.101, 1936). For reservoir outlet
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desizn, a plan flood was devised on the basis of two closely succeeding
three-dey storms. The centrel day of the second and mein sborm was
based on precipitation to be expected once in 100 yesars, and the first
and third days on equal smounts sufficient to raise the total precipita-
tion to whet is expected in & Lhree~day storm once in 100 years. A
three-dey interval intervened between the main end preliminary storm
which was based on preciﬁitation of a frequency of about ten to twelve
years‘equally divided over three deys end which was assumed to saturate
the watershed. Then by meens of distribution factors of the unit hydro-~
graph (see Parsgraph 81) the discherge was computed for the storm. Tor
spillwey design the seme plen of gtorms was followed, but the precipitation
of the main storm was incressed by 30 per cent, snd one inch of run~off
from melting snow was assumed for each day of the mein storm end one-half
inch each day for the preliminery storm. The use of these plen floods

in the design of the reservoirs is outlined below.

8%. Reservoir Design. - The methods of reservoir design employed

are described briefly in APPENDIX D of this report and completely in
the 1936 flood control report on the Merrimack River. The spillway=-
crest elevetion was selected from consideration of economic design and
the general requirement that minimum storage equivalent to 5 inches of
-run-off over the net drainage ares be provided, if possible.‘ The economic
ares. of outlets wes determined as that with which the outlet design
flood would cause the waber-~surfece elevation in the ressrvolr %o
rise level with the selected spillwey-lip elevmtion, Albthough it
is intended to operate the reservoirs primerily as reterding basins,
these outlets are provided with gates in order to permit gresbter flex-
ibility in operation., Additional conduit ares (equipped with gates)
equal to that required for operation as retvarding basins slone was
provided for the purpose of quickly discharging webter accumulated in
the reservoir., The length of spillway was determined es that re=
gquired to limit the surcharge reéulting from the spillway design
flood to 10 feel, assuming outlets closed end the water surface at
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the beginning of the flood to be at the gpillway-~lip elevation, A
minimum freeboard of 5 feet was provided above this surcharge.

g, Digcussion of Flood-Control Reservoirs Considered in this

Investization. - Study was made, using the United Stateg Geological

Survey tovographic maps of the watershed, to locate all places
topographically suited to the comstruction of dams with heights sufe-
ficient to control the computed March, 1936, flood run~off. Eliminae
tions were made from these possibilities on the basis of size of
drainage area, characteristics of run—off from Grainage area, loces
tion with respect to floodmdamage centers, and cost, including property
damage to be incurred in construction.

g5, In this way the list was narrowed down to 25 reservoirs
(see 1ist of reservoirs tabulated in Figure 26) considered worthy of
detailed investigation. With a view %0 securing the best geogrsphical
distribution of reservoirs and control on major tritutaries where the |
flood run-off is otherwise uncontrolled, these possible reservoirs
were divided into groups according to trivutaries. Study was then made
of each group, on the basig of floocd~contrel benefits and comstruction
cost, to determine the most economical of the group.

g6. The reservoirs finally selected as most desirable were Rum~
ford on the mair stream, Dixfield on the Webb River, Buckfield on the
Nezinscot River, and Oxford on the Little Androscoggin River. The main
stream above Errol is controlled by the conservation storage ir Umba~
gog, Aziscohos, Kennebagoy, Rangeley, Mooselookmeguntic and Richardson
Lskes which are regularly drawn dowm during the winter months in antici-
pation of the spring run-cff. With such storage, controlling a drain—
age basin of approximately 1100 square miles, operative, further con-
trol in this aréa was deemed unnecéssary. Similexr conditions prevail
on the Dead River, where Androsdoggin Lake and a series of ponds

develoD a considerable.amoﬁnt of storege. It was found that reservoir
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contrel on the Swift Rivgr would entail high damsge and construction
costs, factors which eliminated the sites on this tributary. The
Rumford,_Dixfield, Buckfield and Oxford system of reservoirs would
control and regulate 42 per cent of the area of the basin exclusive
of the 1,100 kquare mileg above Errol now controlled for storage.
Considering the area above Errol in the gystem, the total asrea cone
trolled becomes 74 per cent of the total drainage ares.,

87. The locations of the pfoject reservoirg are shown on
Figure 27. The Androscogein River valley is most highly d eveloped
in the portion below the city of Rumford. In addition to being well
cultivated it is dotted by & number of manufacturing towns and cities
which are well connected by hlghways and railroads. Thus the project
reservoir system is sirategically located with respect to this portion
of the valley, both as regards geographic Gistrivution smd control
on large tritutaries of the main strean. lRumford Reservoir on the
Androscoggin River above the city of anford would proviGe floodecon-
trol benefits to the entire lower valiey. Dixfield Reservoir on the
Webb River, Buckfield Reservoir on the Nezinscot River, and Oxford
Regervoir on the Little Androscoggin Rifer would control those tribu-
taries and are so located that their ratios of floodeprevention bepe—_
fits are high. In eddition, Oxford Bservolr would control flood flows
through the lower porition of the Little Androscoggin River velley,
which isxveil developed commercially and oontaips important lines of
cémmunication. 0f the total losges of $3,573,776 cemsed by the floods
of March, 1936 (see Paragreph 75) $2,253,121, or 63 per cent occurred
in the ares downstream from the project reservoirs. Flood~control
benefits are hased wupon the latter figure, since the‘reservoirs have
no effect upon d amages upstream.

88.. The following tables coniain summarieg of the estinmeted
costs and general featurcs of the Rumford, Dixfield, Buckfield and

Oxford Reservoirs., Additional data are given in APPENDIX D; cost esw

timates in APPENDIX G.
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RUMFCRD RESERVOIR
(see Figures 28 =nd 29)
Drainage Area; 965 square miles (net).
Capacity: 295,000 acre~feet; 5.7 inches run-off
Reservoir Area 15,200 scres at Spillwsy-Crest Elevetion 655 ft. M.S.IL.
Dam: Earth _ Maximum Heights 90 feet
Overall Length: 1UB0 ft. Length of Spillways: 750 feet

Bedrock is not availeble under the dam or spillway. The dam
is of hydrsulic earth fill, 35 feet wide at the top (eleva-
tion 670 f+.) with =ide slopes of 1 on 3., The upstresm facé
end toe are of riprap. The spillway, located 12,000 feet
northwest of the dem, consiste of a hollow concrete overflow
sectlon THO feet long with earth-fill retaining sections 370
feet long. Two 22 fte. O in. dismeter outlet tunnels 1100
feet long pass through the hill on the south side of the dam.
The outlets are controlled by fourteen 5=1/2 ft. by 10 ft.
sliding gates,

Land involved: X7,000 acres Railroads affected: 7 nmiles
Towns affected: Rumford Center, Highways affected: 33 miles
Hanover, Newry,
Bothel, No. Bethel,
W. Bethel

Estimated First Cost (including engineering, administration, -suverintendence

and contingencies)*

Land and relocstion costs to be borne by local sgencies: $ 5,935,000
Land and Bhildings $ 2,235,000
Relocation milroads 837,000
Relocation hMighwsys, bridges; etc. 2,@50,000
Other relocations | 433,000

Congtruction costs to be borne by the United Sgatés: ' 5,227,000
Dams and appurtenances 5,227,000

Motsl  $11,162,000

Cost per acre~foot of storage $37.80 Cost per square mile

of drainage ares & 11,600

" ®¥8se Paragraph 102. Since, in this case, land and relocation costs exceed
‘congtruction costs, costs to be borne by the United States should be
increased, and costs t0 be borne by local sgencies decreased, to one-

half the total cost. :
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DIXFIELD RESERVOIR

(see Figures 30 and 31)

Drainage Areas 125 squere miles

Capscitys 40,300 acre-feet; 6,0 inches run«off

Reservoir Area 2,500 acres at Spillway-~Crest Elevation US0 f+. M.S.IL.

Dam: EBarth and Concrete Maximum Height hH ft.
Overall Length: 2,570 £t. Length of Earth Section: 2,430 ft,

Length of Concrete Section: 140 ft, (inclu%ing spillway 83 ft.
long '

Bedrock is not available at the dem site. The spillway
consists of a hollow concrete overflow section. The outlet
structures, adjacent to the spillway, consist of four conw-
crete box outlets each 3 ft. 9 in. by 7 £t. controlled by
four vertical sliding gatew % ft. 9 in., by 7 ft. The re-
taining section of the dam is of rolledmsarth fill, 25 feet
wide at the top (elevation UEB feet) with side slopes of 1
on 3. The upstream face and the foe are of riprap.

Lend involveds 3,000 acres ' Railroads affected: mnone
Towns effected: Carthage Highways affecteds 0.7 mile
Estimeted First Cost (including engineering, administration, superinten-

dence and contingencies)¥

Land and relocation costs to be borne by local agencies: $ 239,000
Land snd buildings $151,000
Relocation railroads_ 0
Relocation highways, bridges, etec. - by,000
Other relocations 41,000

. Congtruction costs to be borne by the United States 659,000
Dams and appurtenances ' 659,000

Total ~ $ 898,000

Cost per acre~foot of storage $22.30. Cost per sguare mile
of drainage area $ 7,180

* See Paragraph 102,
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BUCEFIELD RESERVOIR

(see Figures 32 and 33)

Drainage Area : 156 square miles

Capacity: 61,000 acre~feet; 7.3 inches run-off

Reservolir Area h,QBO acres at Spillway-Crest Elevation 5 £+. M.S.L,

Dom:  Earth ' Maximum Height: 65 feet
Overall Length: 2168 fest Length of Spillway: 130 feet

The outlet structures and the channel spillwey rest on bedw
rock. The dem is of hydraulic earth fill 30 feet wide at
the top (elevation 360 ft.) with side slopes of 1 on 3.

The upstream face and toe are of riprap. The spillway cone
sists of a channel osut through earth and rock at the north
end of the dam. The outlet structures consist of one 1lft.
0 in, diameter semi~elliptical conduit controlled by four

3 ft. 9 in. by 7 ft, sliding gates. In addition to the dem
there are four earth dikes having a total length of U500

feet,
Land involveds 5,600 acres Railroads affecteds None
Towns affected: None Highways effected: F=1/2 miles

Estimated First Cost {including engineering, administration, superintene

dence and contingencies)*

Land and relocétion costs torbe borne by local agencles: $ 790,000
Lend and buildings $324,000
Relocation railroads 0
Relocation highweys, bridges, ete. 432,000
Other relocations 34,000
Construction costs to be borne by the United States: $1,251,odo
Dams and appurtenences A $1,251,000
" Total | $2,041.,000
Cost per acre~foot of storage $33.50. Cost per square mile
of drainage area . $13,100

¥ See Parsgraph 102
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OXFORD RESERVOIR

(see Figures 4 and 35)

Drainage Areas 2%L square mileg
Capacity: 921006 acre~faet; 7.5 inches run-off

Reservoir Area: 6,100 acres at Spillway~Crest Elevation 325 f¢, M.S.L.

Dam: Farth snd Concrete . Maximum Height: 63 £%,
‘Qverall Lengtht 1,080 £+, Length of Earth Section: 820 ft.

‘Length of Concrete Sechion: 260 £%. {including spillwaey
: 165 f4. long) .

Bedrock is exposed in the present river channel where the

concrete spillway end outlet structures are located. The

spillway section consists of a gravity-type Ogee section.

The outlet structures consist of four U4 ft. 6 ing. by 7 ft.

box conduits controlled by four cliding gates, each U ft,

6 in. by 7 ft. located in a control tower at one end of

the spillway. The remainder of the dam is of rolledwearth
Cfill 35 ft. wide 2t the top (elevation 338 feet) end with

1l on 3 side slopes. The .-upstream face and toe are of

riprap. In addition to the main dam there are two earth

dikes totalling 7,100 feet in length.

Land involveds: 7,000 acres Reilroads affected: 33/4 miles
Towns affected: Oxford, Welch- Highways affected: 8 miles
ville :

Estimated First Cost {including engineering, administration, superinten-

dence and contingencieé)*

Land and relocation costs to be borne-by local agencies: $1,970,000
Land and tuildings $ 763,000
Relocation railroads 613,000
Relocation highwaye, bridges, etc. 513,000
Other relocations ‘ | 81,000
Construction costs to be borne by the United States: $1,724,000
Dams and appurtenances . $1, 724,000
To tal $3,694,000
Cost per acre-foot of Cost per square mile of
storage $ 40.20 drainage area $ 16,000

* See Paragrach 102, Since in this case, land and relocation costs
exceed construction costs, costs to be borne by the United States should

be increased, and costs to be borne by local agencies Gecreased, to one-
half the total cost,
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89. Effect of Project Reservoirs., ~ To determine the effective-

'ness of different reservoirs, basic operation as retarding basins
being contemplated, it is necessary %o route both the natural and modi-
fied hydrographé from proposed reservoirs to fhose points where ﬁodim
fied hydrographs showing flood reduction are desired. To accomplish
thie purpose, giving proper consideration tc time of travel as well as
valley storage, the méthod of flood routing developed at the United
Stetes Engineer Office, Zesnesville, Ohio, was used. This ﬁethod is
described fully in APPENDIX G.(ﬁot printed) of the report® on the
Muskingum River, Ohio, dated December 1, 1934, and briefly in the 1936
flood control report on the Merrimack River.

0. Studies were made of the effect of all four of tke project
reservoirs described ihlParagraph 86, of the Rumford, Dixfield aznd
Bubkfield reservoirs in combination, and of the Rumford Reservoir
alone, -~ The results of these studies are summarizéd in the following
table. Additional data éoncerning the effect of the project reser-
voirdare given in APPENDIX E. Figures 367and 37 show the approximste
natural profile of the March, 1936, flood on the Androscoggin River

and the profile as it would have been modified by the project reservoirs,

* Made in accordance with the provisions of H. Doc. Mo. 308, 69th
Congress, lst Session.



APPROXIMATE RENUCTIONS IN STAGE FOR

FLOOD SIMILAR TO THAT OF MARCH, 1936

" Station Net Reduction in Stage
Rumford Rumford, Dixfield Rumford, Dixfield
and Buckfield Buckfield and Oxford
Reservoirs Rezervoirs
(feet) (feet) - {feet)
Rumford 4,6 4.6 4.6
{on main river)
Livermore Falls 2.1 2.5 2.5
(on main river)
Lewiston 3.2 5.0 5.0
{on main river)
Auburn
(on Little Androscoggin) O 0 15.2
Lisbon Falls 1.6 2.0 2.8

(on mein river)

91. Annusal Losseg and Benefits., ~ Damages suffered from the flood of

March, 1936, are tabulated, as reported, in paragraph 75. There has been
some. doubt, however, regarding the figures for indirect damages. It is
very difficult to obtain s ccurate and complete returns covering indireet
losses, Some of theze are more or less intangible, and not readily
evaluated. Their compilation is a sowrce of considerable trouble and
expense to the business organizations reporting then, fBecause of these
difficulties, it is believed that the tabulated velues for this item

are insufficient. Moreover, more detesiled estimates on repreéentative
reaches of the Merrimack River, made in connection with the 19%6 flood
control report; indicats that the actual indirect losses are about

twice thosge reported in the original economic survey of flood dsmages.
It is considered, therefore, that an increase of 100 per cent in the
repvorted indirect damages is conservative and may well embrace such
items as: (1) Indirecﬁ'damages to undeveloped property in flood areas,
the development of which has been suspended, due to the fact that the:

areas are subject to frequent flooding; and (2) Indirect damages, in-

cluding lost business occasioned hy cessation of operation of utilities

-n)-r(!-«-



end disruption of transvortation facilities, which could not be fully
evaluated in the field survey made by thisg office after the flood.
Accordingly, annual'flood losses and regulting benefits from the reser—
foirs are based uwpon direct damages as reported and indirect damages
equal to twice the reporied values.

92. .T he following table of annual losses and benefits is based
upon the expe cted number of floods as computed from availaeble records by
means of the theoretical probsbility function of J. J. Slade, Jr. (See
Trans. Am. Soc. C. E., Vol. 101, and the 1936 flood control report on
the Merrimack River.) Naturél énd modified flood freéuency curves, a
damegew~discharge curve, and natural. and meodified daﬁagenfrequency curves

for the reaches represented below are shown on Figurés 56 to 63, inclusive.

Computed Annual Benefits

Reservoir Regervoir Rumford
Damage Computed Pro- Combination . Combination Resgervoir
Center bable Annusl R-D--B-(p* Re-DeTpk* Alone
_ Logses .
Lishbon Palls $ 110,500 $ 79,500 $ 64,600 $ 57,%0
Auburn 51,800 27,900 37,900 18,700
Livermore Falls 121,200 103,800 103,800 93,800
Rumford 170,000 -~ 182,900 152,900 152,900
Totel $453,500 $ 374,200  $ 359,200  $ 322,700

* Rumford, Dixfield, Buckfield and Oxfor8, Reservoirs
** Rumford, Dixfield and Buckfield Reservoirs '

33; These losses and benefits have also been computed by means of
the actusl flood record for the vast 44 years in lien of the celeulated
probebilities. The results are given in the folldwing table:

Computed Annusl Benefits

Computed Annusl Reservolr  Reservoir Rumford

Damage Logses Combination Combination Reservoir
RuDeeBou 0% R DB ¥ Mone

Lisbon Falls $150,800 $ 101,700 $ 78,000 $ 71,200

Auburn 64,100  4g,800 L&, 800 25,7300

Livermore Fallsg 122,000 106,500 106,500 92,500

Rumford 156,500 123,100 123,100 123,100

To tal $493,400 $ 379,700 $ 36,400 © § 312,100

* Rumford, Dixfield, Buckfield and Oxford Reservoirs

** Rumford, Dixfield and BuckfielﬁgReservoirs



%, It will be noted thet the losses and benefits |
computed by the two methods in Paragraphs 92 and 93 agree quite
closely.  Such sgreement mey be expecited when the obéervad floods
are typical of those to be expected as computed by the‘theoretipal
probability méthod. Where the period of record is limited but
happens to include floods of rare frequency a larger discrepancy
may occur because the arithmetic extension method simply ubil-
izes the short sample of larger floods within the short pesriod
of record whereas the probability method affords a rational means
of assigning freguency values to the flows occcurring within such
a period, thereby eliminating somewhat the errors of sampling which
may be large in a short record.

95. In the cage of the Androscoggin River, with.a record
of W years, the differences in losses and benefits computed
by the two methods are legss than 9 per cent; In the case of
the Merrimadk'River, with a record of 90 years, the discrepancy
was about 16 per cent. However, in the computations for the
Saco River, with a record of only 26 yeérs, the results differed
by mbre than 75 per cent. In all ceses, the results obtained by
the probability method were used as the basis_for the: economic

analysis of prownosed work.
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96, Local Flood Protection. - Discussion of the value of

channel improvement as a method of reduction of flbod 1o§ses entails
a division of channel obstruction into two classes: (1) such ar-
tificial obstructions as dams, buildings and bridges which become
replaceable through obsolescence or deterioration; (2) natural
permanent obstructions such as falls, rapids, and ledges. Im=
orovements of class (1) generally can be effected economically only
when the structure has reached the end of its economic or physicel
life, Inprovement of class (2) obstrﬁctions czn be effected at
gny.time provided the cost of‘the improvement is Jjustified wy the
benefits it confers. The possibilities for local flood protection
| works of both classes on the Androsacggin River have heen invege
tigated and anslyzed. The details of these gtudies are given in
Appendix ¥ and are summarized in the following paragraphs.

97. The general procedure followed was to determine the
ennual flood damsge at verious damage centers and to estimate the
cost of providing‘dikeé, walls, or channel improvement necessary
to eliminate this flood damage. The cost estimates were based on
prelininary information only and no surveys were made. It is bDe~-
lieved, however, that the information and estimetes are sufficiently
accurate to establish the degree of economic justification for
locel flood protection on this river. The damage centers studied
were Berlin, New Hampshire, both on the Androscoggin and the Dead
Rivers, ond Virginie, Rumford, Mexico, Chisholm, Livermore Falls,
Lewiston, Auburn; Ligsbon Falls, The Pe jepscot Paper Company, Brunswick .
end Dopsham, all iﬁlMaine; (See Figure 2,). The ratio of benefits to

cost for local filood protection works at these localities ranges from
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0,037 %o 0.590. (see Appendix F.). Althoﬁgh the estimates are based
on preliminary information and on the comparatively high interest
rates of Y per cent on Federal investment and § per cent on non-
Federal investment, it is believed that the ratio in all cases

would still be well below unity even when based on more accurate
informatidn and using lower interest retes such as are prevailing

at the present time.

98. The Androscoggin River containsg numerous power dams that ohbe
struct the flow particularly where the power house is built as an ex-
tension of the dam and where the length of the spillway ig further re-
duced by asbuitments, forebays, and other siructures. Because the towms
and cities have grown up around such sites, largely as a result of the
danmsg, and other encroachments on the chennel have accumulated; these
localities tend %o become demage centers during floods. Although it
has been found that it is not economically feﬁsible to correct these
and other channel encroachments for flogd-control masons only, it is
believed entirely practicalble to.eliminate these flood hazards at some
future date when reconstruction or réplacement becomes necessary in the
natural course of events,

99. Specific suggestions for chanﬁel improvement by the correction
of encroachment of existing structures are contained in Avpendix F for
gseveral ¢f the floodedemage centers mentioned in Paragravh 97, and for
waich special locai protection works do not apvear to be jJustified at
the present time. These specific suggestions involve increasing spille
way capacities and the prbvision of floodgates and dams, the prévision
. of greater clearmnces of bridges end the elimination of bridge piers
end sbutments which creaté serious channsl encroschment during flood
stages. It is Dbelieved that if the correctiong and improvements sug-
gested are carried out, to a reguiétion by local authorities, that
the major portion of the flood problem at these damage centers will

have been eliminated,
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100, Tlood Warnings. = Another practical method of lessening

flood damages is by meéns of the floodmwarning service maintained by

the ﬁnited States Weather Bureaun. - When a rainstérm is thfeatening to
pass into the watershed, itg probabilities are ¢tudied and the companies
contr&lling the storage are informed of the expected rainfall. If the
laltes are full and the rainfell threatens to be considerable,\the water
levels are dram dqwn in advance of the storm. The amount drawm is
determined from the run-off records of the companies and depends on the
saturation of the ground, snow cover, the season of the year, etc., as
well as on the probable rainfall. By this means storage is made avail~
able when the run-off begins, and this not only reduces the flood levels
of the lakes, but algo lessens thg maximum discharge of the river, thus
alleviating flood losses. 0f course, distent headwater reservoirs must
be é&rawn down in ample time, for if discharged immediately prior to or
uring the early stagés of a flood, they cquld contribute to an iné;ease
in downstream flood stages by filling the valley storage.

101, Two important factors affecting floods in this basin are the
extent.and water eguivalent of the snow cover snd the coﬁdition of the
ground underneath the snow. Limited observations are now mede of pre=
ecipitation in the form of snow by the United States Weather Bureau,
power companigs, winter sport organizations snd other ageﬁcies, but
additional estimates by frained observers of the amount of snow cover .
and its water équiﬁalent are necessary to increase the value of the
flood~forecasting service. BExtension and correlation of investigations
Sf hydrologic conditions in the basin through cooperation of all agencies
concerned, to the end that improved flood forecasts anﬁadééuate warning
pe provided to the companies controlling the storage and to the vublic,

appear to be desirable.
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102. Disocagsion. = Studies of possible methods of flood control
in the Androscoggin basin indicate that the only practicable method of
fvrnishiﬁg ceneral flood relief throughout the basin is by means of
reservoirs, Yo cbmbination of reservoirs studied, however, would be
economically Justified at the present time. The total estimated
Federalland local costs* for sach of these reservoirs are as follows:
(See Appendix @).

ESTIMATED FPIRST COST OF PROJECT RESERVOIRS

Project Reservoir Federal Local Total
Runford . $ 5,581,000 $ 5,581,000 $ 11,162,000
Dixfield 659,000 239,000 © 898,000
Buckfield 1,251,000 790,000 2,041,000
Oxford 1,847,000 _ 1,847,000 3,694,000
To tal $ 9,338,000 $ &,457,000 $ 17,795,000

103. The total annual carrying charges have been cémpﬁfed for
the reservoirs using the standard interest rates of U4 per cent on Federsl
costs and 5 pef cent on :nm-~Tederal costs. The annual charges, ﬁhich
are listed in detall in Appendix G, are as follows: for Rumford, Dix-
field, Buckfield and Oxford Resevwirs, $1,000,000; for Rumford, Dixe
field end Buckfield Reservoirs, $793,000; and for the Rumford Reservoir
alone, $626,000. The estimated probable smnual flood-control benefits
from 211 reservoirs would be $374,000 from the three~reservoir combinam
tion, $359,200, and from Rumford Reservoir alone, $322,700. Tﬁe dem
termination of these costs and annusal benefits has been made on the
basis of operating the reservolirs as retarding basins for henefits of
flood control alone. These results are summarized in the following table:
* TLocal costsldetermine& by application of the provisions of the
Flood Control Act approved June 22, 1936 { Public No. 738, Thth Congress)
that local agencies shall provide, without cost to the United States, all
lands, easements, and rightg-of~way necegsary, excent that that vart of

such costs which exceeds the cost of construction shall be borne equally
by the United States and the local interests.
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COMPARISON OF ANNUAYL, CARRYIN: CHARGES AND BEWEFITS

FOR FLOOD CONTROL ALONE

Total Annual Annual Ratio of.
Regervoirs © First Carrying Flood~Control Annual Benefits
_Cost - Charges Benefits to Annual Charges
Four (R-D-B-0)* $ 17,795,000 $ 1,000,000 $ 374,100 0,37
Three (ReD-B)%% 14,101,000 793,000 359,200 . 0.5
Runford slone 11,162,000 626,000 322,700 0.52

¥ Rumford, Dixfield, Buckfield and Oxford

**‘Rumford, Dixfield and Buckfield
This tabulation shows that for no combination of reservoirs do the benefits
equal the carrying charges. The reservoirs, therefore, aye not warranted
for flood control alone, and least of all, the Oxford Reservoir.

10k4. The Rumford Reservoir is the only one of the group which shows

economic possibilities fof a develoément to provide combined storage for
power and flood control. The table following Parasraph 61 showed the power
coéts to be realized from a combined development, with a greater part of
the reservoir costs charged to flood control. The following table is
based upon the same operating methods, but includes total annual charges
for the combined storage, and the combined benefits from power aﬁd flood
control. The value assumed for the energy produced, 5 mils per kilowatt-
hour, is the average cost of generation of energy produced by the leading
utility comnanies operating in this section (see-Paragraph 62). In no

case is the development able to earn the carrying charges.
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ECONOMIC ANALYSIS

DEVELOPHENT OF RUMFORD SITE FOR COMBINED STORAGE FOR POWER AND FLOCD CONTROL

Increased Primary Power

Increased Primary Power

- 1’{5"—

Keth- Total Primaery Fower Geunerated at Existing from Potential Ratio- |
od of Tobal Annual Generated st Site Downstreanm Plents Downstresn Plants | Ammugl
Oper- Cost Carry=- Annual | Annual Bene- Annuwal  [Annual Bene- Amual Annual Bene- |Total Annual Bene=-
ationj, ing Energy | Tits abt 5 Mils Energy fits ot 5Mils| Energy fits & SMils | Annual Flood |Total fivs tJ
| Charges Per Xilo= ' Per Xilo~ Per Kilo=- Power |Control |Anmmual |[Annual
: (Kilowatb—~| wabb-Hour {Xilowgtt- | watb~Hour {Xilowatte] watt-~Hour Senefits]Benefits] Bonefits] Charges
* ok L Rk ~ Hours) # Hours) Hours) 4
: { : : ‘
1(a) 1$16,913,000 [$1,226,000! 146,000,000 $230,000 37,000,000 | $185,000 - - 115,000 |$3%22,700{8737,700) 0.60
1(b) | 16,913,000 | 1,226,000} Lb6,000,00( 230,000 37,000,000 185,000 13,000,000 $65,000 | 180,000 | %22,700] 802,700 0.65
2(e) | 16,063,000 | 1,124,000 - - 79,000,000 395,000 - - 395,000 | 322,700 717,700} 064
e(b) + 16,063,000 | 1,124,000 - - 79,000,000 395,000 29,000,000{ 15,000 510,000 | 322,700, 857001 0.77

#isthod of Operation

1.

Por maximum primary energy from power development st site.

(a) Benefits to exisbting but not potential downstream power developments included.
(b} Benefits to existing and potential downstream power developments included.

2

For meximum primery energy from existing downstresm plonts.

(a) Benefits to potential downstream power developrments not included,
(b) Benefits to potential dowmstream power developments included.

*# From teble following Psragraph 6l.

Value at switchboard,

Includes interest during constructions
k% 7 per cent on reservoir and dem; 12 per cent on power house and equipment,.

# See Parsgreph 10L.

No power installgtion at site.



105, Although it has been shown that flood-control benefits from
none of the projected reservoir combinations will pay the carrying
charges upon their construction, and that the returns from 2 combined
development at Rumford Regervoir will be ingufficient to justify its
. cost, there is another possible source of revenue whichmay be made
avaiidie to apply upon the carrying charges of the flood-control resg-
ervoirg. This results from the incidental benefits to downstream power
developmente of the increased storage.

© 106, The reservoirs are planned to operate prima;‘ily ag retarding
" basins. The outlets, however, are to be provided with gates by means
of which é, portion of the flood water may -be retained and released dur-
ing the dry season, go as to yield incidental benefits to. the downstream
pewer companies thiou.gh increased low-water flow below the site. Myre
complete clearing would be required iﬁ the lower portions of the reservoirs
for this method of operation than for .operation as‘ retarding basing, upon
which the cost estimates are based. The resulting additional cost is of
relatively minor importance in the economic anslysis of the flood-control |
plan and has, therefore, been omitted in this analysis.

107. A precise determination of these incidentsl benefits, while
presenting no appreciable‘ difficulty other than the amount of time and
labor required, is not consi(iered necessary for the purpose of this report;
To provide & basis for an approximate determination of the amount by which
the low-water flow of the river will be increaged, it has been assumed that
the reservoirs will be half full at the beginning of thedry season.

108, Based on this assumption, it has béen computed that the in-
creased low-water flow of the Androscoggin River at Auburn, Maine, would
be as shown in the following table:

EFFECT OF SUPFLEMENTAL OFERATION OF FLOOD-CONTROL RESERVOIRS ON

MINIMUM MEAN MONTHLY FLOW AT AUBURN, MAINE*
(A1l flows in cubic feet per gecond)

Four-Reservoir Three-Reservoir Rumford

Combination Combination Reservoir
{R=D-B~0) (B~D--B) Alone
Pregent flow 1,900 1,900 1,900
Flow with indicated reservoirs 2,740 2,630 2,510
Increage 3 130 10

¥ Baged on dry year 1929 -~ 1930. Minimum mean monthly flow December, 1929 -
1,900 cubic feet per gecond.
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109. The annual power benefits to existing plants from the in-

creased flow would be as follows:

Regervoirs Incidental Power Benefits
' Increaged Annual Value at 5 Mils
Qutput Par Kilowatt-
(kilowatt~hours) Hour
Four (R=D-B-0) 48,000,000 $ 240,000
Three (R=D-B) 46,000,000 - 230,000
Rumford Reservoir alone 39,000,000 155,000

The total developed head below each site is as follows: Rumford, UK

feet; Dixfield, 368 feet; Buckfield, 233 feet; Oxford, 227 feet. The

total head developed below each site at installations of sufficient

capecity to benefit from increased ﬂow,‘ is estimated at the following:

Rumford, Y07 feet; Dixfield, 261 feet; Buckfield, 172 feet; Oxford, 64 feet.
110, The following table shows the comparison between carrying

charges and- flood-control and incidentsl power benefits for the same

flood-control reservoir combinations:

COMPARISON OF ANNUAL BENEFITS AND CABRYING CHARGRS

Ratioc of
Annual Anmal . TPotal Annual
Incidental Flood- Total Annual)  Benefits
Power Control Annual Carrying to Annual
Regervoirs Benefits Benefits Benefits Charges Charges

Four (R=-D-B-0) $ 240,000  § 374,100 $ 614,100 ¢ 1,000,000  0.61
Three (B-D-B) 230,000 353,200 589,200 793,000  O.74
Bumford alone 195,000 322,700 BL7,700 - 626,000 0483
Tnis tabulation shows that, even apsuming a market for the increased
enorgy output and full cdoperatiqn of downgtream power beneficiaries, the
value of incidental pbwer benefite from flcod-control regervoirs would
not be lsufficiently large, under existing conditiong, to incresse the
total annual benefite to the extent required to Justify thé congtruction
of the reservoirs., Although the annual carrying charges used in the
foregoing comparison have been computed on the basis of U per cent in-
teregt on PFedersl costs and 5 per cent on nbn—Fédera.l costs (see Para-
graph- 103 and Appendix G}, the use of a lower interest rate such as 3
ver cent would not alter the ratios of benefits to charges sufficiently

to indicate Justification for the reservoirs.
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111; The addition of the Oxford Reservoir to the group consisting
of Bumford, Dixfield and Buckfield causes the annuel carrying charges
to increase $207,000 while increasing the annual benefi.ta only $24,900,
an adverse ratio of over 8 to 1. It is, therefore, apperent that the in-
clugion of the Oxford site results in development far beyond the point
of diminishing economic returns, and consequently this redervoir should
be ageigned very low priority until warranted at some future time by
s marked increase in the vélue of property subject to flood damage.

112, QConclusions. ~ Flood control of the Androscoggin River by
mea.ma of the construction of the Rumford, Dixfield, Buckfield and
Oxford Reservoirs is physicelly, but not economically, feasible at
this time., The state of development of the bagin is such that the
damages resultant from floods are not large enough to justify the
cost of construction of these reserwirg. Incidental power benefits
would not be éufficiently large under existing conditions to meke up
the difference between the annual carrying charge for fleod control
and the anmuel benefits from reduction of flood losges. Normally, asg
further development takes place in the Dbasin, demsges from floods will
increasse in amount, as wiil also the. incidentsal yower benefits by
reasonpf new developmentg on the river, tut so also, because of
development within the areas of potential reservoir sites, will the
cost of construction of reservoirs incresse.

113. It would appear advisable, theréfore, to restrict develop~
ment in sites which may be needed later for flocd-contxro}l reserwirs,
to ingsure thelr availebility at reasonable cost when the portion of the
valley subject to flood damage hasdeveloped to the extent that flood
control becomes economicslly feagible, This cen be accomplished by the
establighment of state or local parks or forests in the reservoir
areas with the State Covermment, the agency normally expected to
furnish lends znd rigﬁts-of-—way, oontrql;ing further development
therein.

11% In this comnection, it would also appear desirable to
restrict, in so far as possible, further development in the basin to

areas outside thome subject or likely to be subject to flood demage.
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In particular, proper supervision should also be exercised by the state and
loeal governments to prevent the construction of structures which, by
obstructing the channel or otherwise, cause or increase flood damage to
qthers. Existing structures of this kind should, when reconstructed, be
improved in this respect. The State of Maine appears to be the proper
agency to enact legislation to insure sach action;

115, The flood~warning service of the United States Weather Burean
should provide an important practicel means of alleviating flood demages,
not only by furnishing information to companies controlling storage
in the basgin which willenable them to operate in such manner as to re-
duce the magnitude of floods, but also by affording asdequate warning to
all individusls and industries located within the flood plain., It
appears that the value of this service can be incressed by the correla~
tion of all date obtéd.ned by existing agencies now concerned with in-
vestigation of hydrologic conditions in the basin in addition to the
extension of the work of the United States Weather Bureaum and the
Tnited State%@eological Survey to secure additional deta, including
a larger nu.ﬁ'ber of obgervations of amount and weter content of smow cover.

' CONCLUSIONS

116, A review of information presented in H, Doc. No. 646,

Tlst Congress, 34 Session, and careful gtudy of additional information
concerning the flood situation in this basin, aveilable as a result of
the floods of Merch, 1936, indicate that the recommendations made ‘in
the report under review are bésica.lly gound in go far as they concern

‘ nairigation, irrigation and power development, but thet some revision of
the conclusions with respect to flood conirol should be mde;

117; Na.vigation; « Extension of navigation through or above tide-
water would not he economically advisable at the present time;

118. Irrigetion. - None is necessary.

119. PFPower Development. ~ There is an ample supply of power for
Present demand and nmamerous undevélopad water-power siﬁas exist, the
most promising of which have been invegiigated by the companles which
cont rol them. No further development of hydro-electric power is

probable in the immediate future, as & market for such power is lacking
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and is not yet foreseen. Combined development for power and flood
contrél does not appear to be economically justified at either the
pregent or fubure; but when the potential demand for additional power
méterializés, supplemental operation of gimple flood-control reservoirs
byrthe method of retention of & fractional part of the total flood-
storage capacity irother than peak-flood seasons, will permit the cone
version of 39,000,000 kilowatt-hours of secondary to primary energy
annmoally at existing‘downstream plant s by means of the Bumford Reservoir
alone, or the conversion of 46,000,000 kilowatt-hours of secondary to |
primary energy annmually at existing downsitream plants by meang of the
Rumford, Dixfield snd Buckfield Reservoirg in cowbination. Allocating
costs to power and flood control in proportion to the amnusl benefits
(based on existing conditions) tabulated in Paragraph 110, the share of
total first cost which should be borne by the power beneficiaries is
$ﬁ,208,000 for the Rumford Reservoir alone and $5,493,000 for the Rum-
ford, Dixfield and Budkfield.Reservoir combination. The annual fixed
charges would correspond to 6.1 mils per kilowatt-hour for primary energy
at the switchboard in the case of the Rumford development alone, and 6.7
milg per kilowatt-hour in the case of the Rumford, Dixfield and Buckfield
combination.,

120. TFlood Control. ~ The only practicable method of general flood
control in this basin is by means of reservoirs. The plan for four
flood-control reservoirs presented in this report is physically but not
aconomically feasible at the present time. In preparation for the time
when further development of the basin may warrant construction of
these reservoirs, the sites should be reserved and development thersin
controlled to insure their availability at reasonable cost. The method
of operating simple flood-control storage reservoirs to obtain incidental
power benefits in the off.flood~peak season, ag outlined in Paragraph
119, affords possibilities for economical flood~control development
at some future date vhen the local power demend increases sufficiently
to abgorb the primery energy generated and thus warrantsg financial

participation by the power intereste in proportion to the power benefits
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conferred, According o thig plan of financing, the Federal and State
Governments would be able to obtain, in the cagse of the Rumford Ressrvoir
taken alone, 295,000 acre~feet of flood-control storsge at s cbst of
$23.60 per acre~foot, or $6,954,000; or, in the case of the Rumford,
Dixfield and Buckfield Reservoirs in combination, 396,300 acre-feet of
flood-control storage at a cost of $21.70 per acre-foot, or $8,602,000,
all based on present estimated costs. The addition of the Oxford
Reservoir to the latter group would, as moted in Parsgraph 111, result

in development far beyond the point of diminishing economic returns

and oonsequéntly its inclusion in the above plan would not be warranted.

RECOMMENDATIONS

121, It is recommended that the State of Maine or other mffected
local interests be encouraged to reserve the Rumford, Dixfield and Buck-
field project reservoir sites ae state or local parks or forests, and
control future dewelopment within these areas so that they may be avall-
able at reasonabtle cogt for flood control either when the portion of the
lower valley subject to flood damage will have been developed sufficiently
to warrant construction on the basis of flood control zlone, or when the
need for additional souraes of primery electricsel energzy warranits con-
struction of simple flood-conirol reservoirs operated i;o retain a portion
of the total flood~control storage in of f-floo d~peak geasong so as %o be
available for priming out secondery energy at d&wnstream plants and thug
justify financial participation by the power interests and the Federsl
and State Governmente in proportion to the regpective benefits to power
and to flood control.

122, 1t is also recommended that, as a condifion precedent tor
future adoption of such a project, the State of Maine enact legislation

lto control any develépment on the river which, by obstrueting or other-
wige reducing the flood~channel capacity, may operate to increase flood
heights and d,amages;

123, It is farther recommended that the flood-warning service of

the United States Weather Bureau be extended to all portions of the basin



that contribute to flood flows, and emplified by the inclusion of estimates
by trained observers of the amount of snow cover end its water egquivalent,
in order that improved forecasts and adequate flood warnings may be

provided.

A. K. B, Lymn
Lt. Col., Corps of Engineers
District Engineer
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Nunmber

LIST OF FIGURES ACCOMPANYING REPORT ON ANDROSCOGGIN RIVER

Title

Androscoggin Valley Location.

Drainage Bgsin.

Mean Monthly Temperature.

Mean Monthly Precipitation,

Isohyetal Map of New England ~ Mean Anmual Precipitation.
Monthly Frequency of Heavy Rains at Rumford, Maine. :
Rainfall Frequency, Rumford, Maine.

Rainfall Frequency, Bethlehem - Berlin, New Hampshire.
Isohyetal Map of New England -~ Mean Annusl Snow.

Snow Survey, Aziscohos Reservoir 1932 and 1933,

Snow Survey, Aziscohos Reservoir 1934 and 1935,

Snow Cover Depleting Curves, Aziscohos Dam, March, 1936,

Snow Melt Between Errol and Berlin, New Hampshire, 1925 - 1927.
Snow Melt Between Errol and Berlin, New Hampshire, 1928 - 1930,
Snow Melt Between Errol and Berlin, New Hampshire, 1931 - 1933,
Snow Melt Between Errol and Berlin, New Hampshire, 1934 - 1935.
Mean Monthly Run-off, Rumford, Maine, 1892 to 1936,

New England States Major Water Power Sites and Traonsmission Lines.
Duration Curve, Androscoggin River at Rumford, Maine.

Duratlon Curve, Androscoggin River at Auburn, Mszine.
Production of Electrical Energy, Meine 1921 - 193k,

New England Stateas Load and Generating.Capacity Typical Week
Days (By States) ~ 1935. .

New England States Annual Production of Flectricity for Public
Use - 1935.

Monthly Distribution of Floods, Rumford, Meine, 1892 - 1936,
Flodl Frequency, Rumford, Maine,

Location of All Reservoir Sites Investigated.

Location of A1l Project Reservoir Sites.

Runford Reservoir, Androscoggin River.

Rumford Reservoir ~ Area snd Capmeity Curves.

Dixfield Reservoir - Webb River.

Dixfield Reservoir - Area and Capacity .Curves.

Buckfield Reservoir, Nezinascot River.

Buckfield Reservoir -~ Area and Capacity Curves.

Oxford Reservoir, Little Androscoggin River.

Oxford Reservoir - Area and Capacity Curves. '
Natural and Mpdified Profile - F¥lood of March, 1936, Sheet 1.
Naturel and Modified Profilé - Flood of March, 1936, Sheet 2.
Natural and Mopdified Hydrograph - Rumford Reservoir - 100-Year
Flood. _

Naturel and Mpdified Hydrograph - Dixfield Reservoir - 100-Year
Flood.

Natural and Mpdified Hydrogreph - Buckfield Reservoir — 100-Year
Flood, ‘

Natural and Modified Hydrograph - Oxford Reservoir - 100-Year.
Flood.

- Relation of Spillway Length to Surcharge on Spillway Crest.

Stage-Frequency Curve - Rumford Reservoir.

Stage-~Frequency Curve - Dixfield Reservoir.

Stage~Frequency (urve - Buckfield Reservoir.

Stege-Frequency Curve - Oxford Reservoir.

Reduction of March, 1936, Flood at Rumford, Maine,

Natural and Modified Hydrograph - March, 1936, Flood, Rumford
Reservoir, '
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Funber

LIST OF FIGURES ACCOMPANYING REPORT ON ANDROSCOGGIN RIVER ’
{Continued)

Title

Reduction of March, 1936, Flood at Livermore Falls, Maine.
Natural and Modified Hydrograph - March, 1936, Flood, Dixfield
Reservoir.

Reduction of March, 1936, Flood at Lewiston, Maine,

Natural and Modified Hydrograph - March, 1936, Flood, Buckfield
Resgervolir.

Reduction of March, 1936, Flood at Mouth of Little Androscoggin
(Auburn), Maine.

Natural and Modified Hydrograph - March, 1936, Flood, Oxford
Reservoir.

Reduction of Mareh, 1936, Flood at Lisbon Falls, Maine.

Natural and Modified Flood Frequency, Lisbon Falls, Mains.
Watural and Modified Flood Damages, Lisbon Falls, Maine.
Natural and Modified Flood Frequency, Auburn, Maine,

Natural and Modified Flood Damages, Auburn, Maine.

Natural and Modified Flood Frequency, Livermore Falls, Maine.
Natural end Modified Flood Damages, Livermore Fallg, Maine.
Natural and Modified Flood Frequency, Rumford, Mains.

Natural and Modified Flood Damages, Rumford, Maine,
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APPENDIX A, REPORTS BY OTHER AGEHCIES - FEDERAL AND
STATE ORGANIZATIONS, TECHNICAL SOCIETIES, INDIVIDUALS, ETC.
124, The following is & list of reports and publications by
other than departmentel agencies, referred to in Paragreph 3.

.United States Gesological Survey

The New England Flood of 1927.
Water Supply Papers - Contain data on gaging stations
and gtream flow.

United States Weather Bureau

Clinatological Data. Monthly and annual yablications of

meteorological informstion,

National Resources Board
Inventory of the Water Resources of the Northk Atlantic
Drainage Area, by H. K. Barrows, 1935.

Maine Water Power Commiasion

Annual Reporis. Confain prior to 1925, date upon water
storage, power sites and development, stream flow,

hydrology and topographic mapping in the State of Maine.

Maine Ppyblic Utilities Commisgion

Biennisl Reports. Contain, since 1925, data on hydrology,
‘water power, water resources, power rates, topographic
mapping, etc., in the State of Meine, formerly publighed
by the Maine Water Power Commission.

-s‘pecia; Water Power Investigation, .1918. Deals with develop~
ments on the principal Maine rivers of power, existing
and potential, together with means of inereasing the

latter by the construction of storage reservoirs.
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Maine Development Commission

Water Power Resources of the State of Maine.. 1929. Contain
much date upon existing vower-~generating facilities,
potential development, stream flow, storage, power
costs, etc.

Maine Rivers and their Protection from Possible Flood Hazards,
1929. Anglyzses very completely the possible maximam
stomms to be expected and their effecté upoun river stages.

Maine State Planning Board

Report for 193U - 1935. Includes date on climatology, water
regources, power developments, rates, etc.

New Hampshire Power Survey Committee.

New Hampshire Power, 1926. Discugses the power resources of
the state, existing and potential, and includes lists
of developed water powers, stream gaging stations, and
sborage reservoirs.

New Hempshire Water Regources Board

Extent and Magnitude of the March, 1936, Flood in New Hampshire,
Contains tables of flood discharges at various points in

Saco and other river basins;

New England Water Works Association

Journal. Issues of September, 1915, September, 1921, and June,
1926, contain papers by X. H. Goodnou@ giving summaries of
rainfall in New England from earliest records to 1935.

Journal, Issues of June, 1928, and March, 1930, contain papers
by the pame amthor, dealing with rainfall during the Wew
England storm of November 3 - U4, 1927,

Journal. Isgsue of March, 19350. Symposium on Rainfall of New
Fongland.

Boston Society of Glvil Engineers

Report of Committee on Floods. Publlshed in Journal of the

Society, issue of September, 1930. Deals with floods in New

England.
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American Soclety of Civil Engineers

The 1936 Flood in New England. Paper by William F. Uhl, presented
before the October, 1936, meeting of the Society, Deals with
causes of the flood, atages and discharges, economics of flood-
eontrol works, and behavior of storege reservoirs during the
flood., Discussion by Captain Hugh J. Oasey, Corps of

Engineers.
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APPENDIX B, DISCHARGES OF MORE THAN 6000 CUBIC FEET FER SECOND,
AVERAGE FOR ONE DAY

ANDROSCOGGIN RIVER AT RUMFORD, MAINE

125, The following list of discharges of over 6000 cubic fest

per second (average for one day) on the Androscoggin River at Rumford,

Maine, formed the basis of the probability computations from which the

expectancy of floods and the resulting damages were calculated. Figures

in parentheses followlng flood discharge indicate relative megnitude of

4-67-

flood.

T ".Ii‘ié—c'h'e}:g'e Discharge
Date Sec.~FTt. Date Sec.~=I't,
1892 1894 (Conttd.)

May 24 11,700 May 26 11,630

June 22 11, 200 May 30 19,230

June 29 19,900 June 19 6,170

July b 17,500 November 1 7380

Augusgt 26 8,500

November 17 24, 500 1895

April 9 15,03%0
1893 April 15 55,230(2)

April 15 8,050 May 13 17,070

April 29 7,050 Mey 28 8,730

Mey S 25, K60 October 1 6,380

May 18 38,060 (5) November 27 15, 650

June 12 9,700 December 28 12,420

June 26 8, 400

1896
August 30 12,300
Janvery 1 21,54
Qctober 25 13,000
March 2 39,010(k)
1894 April 17 27,390

March 21 7,090 1897

April 21 22,230 Aprii 17 11,435

Mey 21 6,170 April 26 18,990



Discharge

: Discharge
Date Sec.-Ft. Date Sec,.~Ft.
1897 (Cont!'d.) 1901
May L 19,270 April 9 17,120
Mey 1y 19,220 Aoril 15 14,280
May 28 12,430 April 22 32,650(8)
June 6 8,200 May 12 16,510
June 11 14,760 May 20 16,810
June 15 22,910 June U 7,420
1898 Dacember 15 27,780
March 15 7,500 1902
March 21 9,620 Januery 23 8,150
March 31 10,860 March 3 17,240
April 18 13,270 March 18 11,690
April 25 16,750 March 23 12,850
Mey 13 15,570 March 30 18,1490
June 9 6,200 April 10 9,980
June 15 7,980 April 18 6,430
October 27 11,530 April 24 10,270
1899 Moy 1 14,580
April 27 23,290 May 28 17,540
Mey 2 2k, 080 June 9 9,200
1900 June 17 7,380
Pebruary 14 6,010 June 27 6,990
April 20 22,020 October 29 3,340
May Y 17,090 1903
May 16 13,420 March 12 10, 660
May 20 24,530 Merch 21 19,04
June ¥ 7,460 March 25 19,760
November 10 712,060 April 10

3,230



May 19
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Discharge Dlecharge
Date Sec,-Ft,. Date Sec,-Ft,
1903 (Cont'd.) 1906 (Conttd.)
Mey b | 6,350 May 28 ‘ 15.hluol
June 13 26,790 June 3 8,80
June 22 6,390 June 7 9,160
190k June 18 6,390
April 11 18,000 June 24 7,240
April 30 28,000(10) 1907
May 10 19,330 March 31 7,220
Mey 20 19,860 April 24 12,040
October 22 13,050 May 1 23,830
December 10 8,280 May 10 10,780
1905 Mey 17 12,090
Merch 31 12,390 July 1 6,760
April 7 6,220 September 30 1,170
April 22 9,090 October 9 6,210
Mey 7 8,650 October 29 14,020
June 27 6,540 November 3 23,020
July 31 17,520 November 7 22,770
September 4 6,250 December 11 14,930
1906 1908
Jenuary oU 75750 March 29 9,900
April 16 11,510 April 7 6,430
April 22 10, 960 April 16 6,780
May 1 8,280 May 1 18,700
May 10 11,310 Moy 11 10,820
9, 480 May 31 11,940



Discharge Discharge
Date Sec.-F'te. Date Sec.~Ft.
1909 1912 (Cont'd.)
April 8 10,240 May 14 7,140
April 1% 2%, 620 June 1 9,150
April 20 20,040 October 25 12,840
Mey 11 1k, 640 November & 9,170
May 17 16,090 1913
May 29 9,510 March 16 7,250
June 3 7,610 March 22 15,900
September 29 7,870 Mareh 26 19,100
1910 April 1 1&,700
Januvery 23 1k, 220 April 6 8,720
Merch 26 9,060 Aoril 16 9,300
April 1 10,580 April 20 8,480
April 7 12,800 April 26 10,700
April 23 11,24 Moy 25 7,450
April 27 14,250 May 30 9,080
May L 6,860 September 23 8,490
1911 Qctober 3 7,180
April 16 7,470 October 21 13,800
May 2 15,000 October 27 6,400
May 8 6,980 November 10 22,000
1912 191k
April 8 1, 200 April 10 6,010.
April 17 17,000 April 21 23,900
April 23 12,800 April 30 10,100
April 28 8,580 Mey 6 ~11,ooo.
Mey 10 6,320 May 10 16,100
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_ Digcharge Digchargs
Date Sec.~Ft. Date Sec.-F't,
1915 1917 (Cont'd.)
February 26 13,900 June 12 2,700
April 12 11,800 June 18 20,300(9)
April 26 7,720 October 31 15,210
May 1 10,300 | 1918
July 9 17,100 April 3 12,430
1916 April 8 6,510
February 27 7,180 April 18 7,060
April 2 8,900 April 24 7,290
April 19 9,150 Mey 1 11,180
April 2% 14,900 Moy 14 6,020
May 2 7,230 October 7 8,600
May 18 19,500 Qetober 31 8,300
May 31 6,230 1919
June 10 15,900 Merch 22 6,780
June 19 . 12,500 March 29 12,800
June 28 7,220 April 8 6,480
July 5 7,8%0 April 13 11,200
August 10 8,130 May b 6,160
September 16 6,020 May 19 7,920
December 1 8,950 " May 23 1l, 600
1917 November 1 7,300
April 7 6,440 Yovember 13 6,600
April 23 13,500 1920
April 30 7,960 March 28 10,400
Mex}r 15 6,100 April 6 8,120
May 21 7,430 April 14 18,600
May 30 6,030



Digcharge Digcharge
Date Sec.-Ft,. Date Sec.-Ft.
1920 (Cont?d.) 1922 (Cont'd.)
April 24 13,600 June 5 6,190
.April 29 9,770 June 19 16,000
May 10 10, 600 June 23 17,200
May 22 8,130 June 30 16,000
May 27 6,740 1923
June 7 6,250 April 9 8,580
October 1 12,300 April 22 18,500
December 6 11,300 April 30 33,800(7)
December 15 12, 600 Mey 10 8,850
1921 ﬁay 22 7,280
March 10 6,910 November 25 10,000
March 17 6, 450 December 1 6,860
March 22 16, 800 December 7 6,670
March 29 13,800 192k
April 6 7,550 April 15 6,290
April 10 . 8,170 April 23 6,120
April 18 8,1lp ‘
April 2% 8,450 Mey 1 19,900
November 20 6,770 May 5 13,200
1922 May 13 17,200
Aoril 12 21,900 September 11 26,200
April 19 18,100 October 1 11,00
April 27 6, 440 November 24 23,100
Mey 1 6,070 1925
May 6 12,500 Februsry 13 1k, 200
May 20 11,300 March 29 21,400



_ Discharge Discharge
Date ‘Sec,~Ft. ... Date Sec,~Ft,
1925 (Cont!d.)} 1928 (Conttd,)
April 11 6,380 May 6 10,400
April 16 6,460 May 21 11,400
April 27 7,770 Moy 25 19,000
Mey 4 7,580 June 7 6,920
November 9 7,470 1929
Wovember 17 .1_'5,000 March 24 6,160
Decmnﬁer 6 9,390 April 9 14,300
1926 April 18 74820
April 26 12,800 April 29 14,700
May U4 20, 400 May Y4 22,000
May 17 6,840 | Moy 20 11,100
June 16 10,800 1930
November 19 | 8,950 April 8 20,600
1927 April 14 13,800
March 19 7,400 April 20 9,4lo
April 23 11, 600 May 3 12,600
May 16 6,470 Msy 27 14,600
October 14 8,860 June 11 12,500
Qctober 20 10,300 1931
November 5 39,100(3) April 12 12,200
November 18 9,170 April 22 10, 400
December 1 6,970 April 27 8,000
December 9 11,000 May 15 6,190
1928 Mey 24 14,100
March 28 6,780 June 10 20,200
April 8 21,600



Discharge | Discharge
Date Sec.«F{,. Date Sec.-Ft.
1932 195% (Contta.)

Jenuary 16 8,610 April 26 18,500
April 2 6,440 May U4 14,300
April 9 9,380 September 18 7,130
April 13 18,700 December 2 8,680
April 23 10,700 1935
April 27 6,580 January 11 6,830
May 2 12,400 April 16 7,990
May 22 6,200 April 29 19,000
May 29 6,090 Moy 8 10,000
September 17 2k, 000 June 1. 6,370
Octover 7 13, 200 June 11 12,800
TNovember 2 11,100 June 20 12,700
November 20 14,100 November 29 7,800

1933 1936 .
April 8 7,890 March 13 35, 600(6)
April 19 24, 500 Merch 19 68,300(1)
April 26 16,300 April 7 '17,900
Mey U 22,200 May b 18,800
May 1k 11,400 May 15 13,200
May 20 9,460
June 2 1,000
Avgust 25 9,160

1934
April 3 7,230
April 13 23,900
April 20 21, 500



APPENDIX C. ACCUBACY OF GAGING STATIONS

126. The United States Geological Survey comments upon the ac-
curacy of these stations as follows:
a. Androgcoggin River at Errol Dam, New Hampshire. Dischai'ge
computed from flow through 14 gates.
b. Androscoggin River at Berlin, New Hempshire, Discharge de-
termined from flow through wheele and flume;
Ca Androacoggin River near Gorham, New Hampshire., Records sx-

cellent, Reguletion from controlled storege in Rangeley

Lekes,

Ip

Androscoggin River at Shelburne, New Hampshire. A good
rating cuarve has bsen developed for medium and high stages.
At low wat;,er, regults are approximate., Digcharge ig affect.
ed by ice in winter,

&+ Androscoggin River at Rumford, Maine. Discharge computbed
from flow over dam and through turbine wheels. Regulation

from Rangeley lLakes.

I

Androscoggin River at Dixfield, Maine., Rating carve is fairly

good for low and medium gtages, Discharge is affected by ice

in winter.

e Androscoggin River at Gulf Island, Dam, Maine, Records furnhished
by Central Maine Power Co., Augusta, Maine,

h, Androscoggin River near Auburn, Maine. Records good. Regu-
lation from Rangeley Lakeg.

i, Magslloway River at Aziscohos‘ Dam. Discharge computed from
eight openings.

J.  Swift River at Roxbury, Maine. Records excellent except duriﬁg
period of ice cover, when they are fair,

k., Little Androscoggin River at South Paris, Maine. Records ex—

cellent except for discharges below 15 c.f.s.
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AFPPENDIX D. DATA PRERTAINING TO FROJECT RESERVOIRS

127. The methods employed in determining spillway-crest eleva-
tion, the size and number of conduits and gates and length of spillway
creast are briefly described 'bélow. A detailed description and discus-
sion of these methods are contained in the 1936 flood control report on
the Merrimadk River.

128, Spillway=Crest Elevation. - Selection of the proper epillwayw

crest elevation ig largely a quastiqn of economicg and of minimum stor-
age requirements. Where basic cperation of reservoirs as retarding
basineg appeared most desirable, 2 minimum storage was established eguive-
é,lent to 5 inches of run-off over the net drainage area where obtainable
wit_hin economic limite., The upper limit of storage was then fixed at an
elevation affording at least 5 inches of run-off and avoiding in so far as
possible extensive flooding of towns, reilroads, highways, and other
works in the reservoir ares.

129; Size and Number of Conduits and Gates. - With the spillway-
creat elevation established, the theoreticsl conduit ares may be de-
termined by routing the outlet design flood through the reservoir. I‘lout.-
ing curves are prepared to facilitate the solution of the basic equation:

Inflow = Outflow + Storage
Incremental inflows in acre-feet itaken at one-~half day intervals are
then routed through openings of different sizes from which & curve of
tWater-Surface Elevation vergus Area of Outlet! msy be plotted. From
this curve it is then possible to select the theoretical outlet ares
corresponding to the established gpillway elevation, Natliral and modi-~
fied hy;drographs at the propoged reserwirs for the outlet design fleood
are shown in Figures 38, 39, 40 and 4l,

130. Under the comparativelj low operating head conditions which
exigt at the proposed dams, considerations of economy and of simplieity
of operation favor a sliding type of gate. The size of gates is limited

by practicel considerations, egpecially with regard to standardization
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and to provision of adequate area for safe passage of ice and debris.

131. Although it is intended to operate all reservoirs primarily
as retarding basing, gates are to be provided of such cap#city as to dig-
charge the outlet design flood while the water surface rises to the spill-
way cregt. It i§ not congidered necegsary to provide gate area in excessg
6f condult area where, for conduit lengths of 50 feet or less, oﬁly one
gate per conduit is p?ovided. Fo: longer conduits it is intended to »Pro-
vide several smaller entrance ports which musgt necegsarily be of greater
total area than the main conduit in order to coﬁpensate for inereased
frietional losses. Bach entrance port is to be equipped with & gate of
approximately the same ares and shape as the port iisélf.

132, Auxilisry Gates and Conduits. - It has been considered advisa-

ble to provide additional conduit area (equipped with gates) equal to

that actually required for retarding reservolr oyefation alone, in order:
(1) to facilitate passage of amnual floods dnring-tﬁe congtruction period,
(2) to provide for more rapid emptying of reservoirs after f1ood danger
bel&w hes passed, (3) to provide for a maximum futﬁre posgible river regu-
lation, and (4) to insure supplemental gates and conduit capacity in event
" some of the gates are damaged and inoperative at the tims of a flood.

133. Length of Spillway Crest. -~ The length of spiliway crest is de-

termined by routing the spillway design flood through several different
lengths of spillway crest, assuﬁing all gateg cloged and water surface at
spillway-crest elevation at ths beginning of the floocd. A curve of Y"Sar-
charge on Spillway Crest versus Length of Spillway" is then plotted (see
Figure 42), from which it is possible to select a spillwoy~crest length
consigbtent with economie considerstions, but not legs than that corres-
ponding to a surcharge of 10 feet, A minimum freeboard of 5§ feét above
the surcharge selected is provided. Initial calculations are based on an
Ogee type of spillway. For a chamnel type of spillway the width maoy be

calculated by selection of proper coefficients.
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134, Under actual operating conditioms, it is possible during
rare ecxcegsive floods, by opening all gatés, including the auxiliary
gates, to reduce the calculated surcharge by a considerable amount end
thus prevent extensive flooding in the reservoir above the sﬁillwayhcrest
elevation. Such floods would normally overtop the spillway. Stage-
frequency curves, showing the levels to which the reservoirs would be
filled by floods of varying frequencies, are attached as Figures 43 to
46, inclusive. These curves were computed for ressrvoirs opersted asg
retarding basins, with outlets (except suxiliary gates) always open.

135, Length and elevation of spillwasy crest, size and number of
conduits and gates, andlother pertinent data as determined for the pro-

rosed reservoirs are given in Table A following:
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TABLE &

AWDROSCOGGIN DRAINAGE BASIN

DATA PERTATNING TO DAMS AND APPURTENANCES

— Neme of Dam

Ttem Yo, | Txzem Rumford Dixfield  Puokfield  Oxford.
1. Drainage aresa, _ 8Qe mis 965(net) 125 156 231
2e Drainage area under sontrol, per h0.6 53 646 Qe7

cent of net drainage ares,* 2,375 sqs mia
Se Ave., elov. bed of river at dam _
site, ft. above M.S.Le 575 ks 300 275
Le Elevation of spillway crest, f6. " " 655 150 3h5 325
P
Se Length of spillway erest, fte 750 83 130 165
6e Surcharge on spillway crest,*x £t 10 10 10 8
Te Elevation top of dam, ft. above M,S.L. 670 L65 360 338
Be Channel capacity at dam site,%#* Cefe8e 26,430 1,700 3,360 3,480
9 Theoretical outlet area, At -
based on 100~year floed filling
to spillwey crest, 8q. Pt 300 L5 1,0 6%
10. Total mo. of outlet conduits 2 L 1 L
11, No. of gates per conduit 7 1 In 1
12 S:n.ze of g;a‘cea ’ o C fbe x ft.“‘_"_'” ) 10x5“:5*MT?&?.?SVMWM'T::B;?S“”’]HIigu
e - Sc:oi:ienai aves o£ 'eaeh-eonduii: sqe Pby 380 - - 26..‘25 91575 51;5 ,
154 Invert elovation of conduil, £t. gbove U.S.L. 585 s 2097 273 '
16, Nos of gates closed, water surface )
at apillway crest, : 7 2 2 2
17, Storage capacity to spillway crest,
acre-feet, 205,000 40,300 61,000 92,000
13. Storage capacity to spillway crest,
inches of run-off, 5e7 640 73 Teb
19 Ares in basim at elevation of _
epillway crest, acres 15,200 2,030 ly, 050 6,100
204 Outflow through conduits with water
level at spillway cresbt, %ok cefeSa 16,400 1,980 1,920 3,380
2l. Velocity of outflow with water level
ot spillwey orest, 4. per sec, L3,.2 377 2043 5346

* HNet drainage area is the total area above the dam less the ares controlled by upstream dams.

** Produced by spillway design flood with wabter surface at spillway~crest elevation and outlete considered elosed at

begimming of flood.
#¥%  Capaoity required to carry probable annusl floode

xbock  Qutflow computed with the number of gates closed that are indicated under item No. 16o

*xkkx  Width of chanmel spillway.

Drainege Area
3,470 sge mie gross

1,095 sqe mi. above Errel Dam owned by Uniom Water Power Co. of Lewiston, Maine
(Storage regularly drawm down in snticipation of spring runwoff)

2,375 sq9. mis met

1,477 sq. mi. under control by proposed reservoirs ~ 62.2% of Net Dreinage Aress



 APPENDIX ¥, XFFECT OF PROFOSED RESERVOIRS UPON A FLOOD
" SIMILAR TO THAT OF MARCH, 1936,

136, The. following notes show the effects at various locations
upon a flood gimilar to that of March, 1936, of the Rumford, Dixfield,
Buckfield and Oxford Reservoirs in combination.

a. At Rumford, Maine, on main gtem of Androgeoggzin River:

A maximum stage of 612 feet (U,S.G.S. datum) was recorded
on the gage about midnight of March '19. The drsinage ares
above the gage is 2090 square miles, of which 1095 square miles
may _'be congidered as under fullcontrol as a result of opera~
tion of Brrol Dsm, owned by the Union Waler Power Company of
Lewigton, Maine. The proposed Rumford Reservoir is located
about & miles above the gage and controls a drainage area of
96% square miles, or 46 per cent of the entire area and 97
ver cent of the net area sbove the gage. For a flood gimilar
to that of March, 1936, Rumford Reservoir would have reduced
the flow at the gage from 74,000 cubic feet per second to
36,300 cubic feet per second, equivalent to a reduction in
gage height of approximately 4.6 feet. The effect of the
reservoir on the gage hydrograph for the ent ire flood peak
is shown on Figure 47. Pigure 48 shows the natural snd modi-
fied hydrograph at Rumford Dam for a flood similar to that
of March, 1936. Referring to this figure, it will be noted
thet a flood similar to thet of March, 1936, would heve dig~
charged over the spillway. A surcharge ozi the gpillway crest
of 3.8 feot would have resulted, which could have 'ﬁeen maoteri-
ally reduced by opening the auxillary gates deseribed in

Paragraph 132, AFFENDIX D, -



b. At Livermore Fallg, Maine, on main gtem of Androscoggin River:

A maximum stage of 11.1 feet (local é@tum) was recorded on the
gage about 8:00 P,M, of March 19. The netdrainage area above the
goge is 1356 square miles (aésuming area above Errol Dam under control).
Rumford and Dixfield Reservoirs-are located about 33 miles and 22
miles, respectively, above the gage. The two reservoirs in combina~-
tion control a drainage area of 1090 square miles or 80.5 'per cent
of the net area shbove the gage. For a flood similar to that of
March, 1936, they would have reduced the flow at the gage froﬁ
94,000 cubic feet per second to 49 500 cubic feet per second, equive
alent to a reduction in gage helght of 2.9 feet, The effect of the
twe regervoirs in combination for the entire flood peak at Livermore
Falls is showm on Figure 49, Pigure 50 shows the natursl and modi-
fied hydrograph at Dixfield Dam for a flood similar to that of
March, 1936. Referring to this figure, it will be noted that a
flood. similar to that of March, 1936, would have discharged over
the spillwey. A surcharge on the spillwey crest of 2.0 feet would
have resulted, which could have been materially reduced by opening
the auxiliary smtes as described in Peragraph 134, APPENDIX D.

c. At Lewiston, Meine, on main stem of Androscogein River; above

the mouth of the Little Androgcogein River: A maximuom stage of

264, 5 feet (U.S.G.S. datum) was recorded on the gage about 4:00 A.M.
of March 20. The drainage area above the gage is 1752 square miles
net., The proposed Rumford, Dixfield, and Buckfield Regervoirs gre
located about 64,5, B4 and 23 miles, respectively,‘ above the

gege, and control a combined drainage area of 1246 square miles or
71.1 pef cent. of the nei ares above the'@ge. For a flood similar to
that of March, 1936, the three reservoirs in combination would have
reduced the flow at the gage from 118,000 cubic feet per second to
65,000 cubic feet per second, equivalent to a reduction in gage
height of approximately 5.0 feet. The effect of the regervoirs on
the gage hydrograph for the antix"e flood peak is shown on Figure Hl.

Figare B2 shows the natural and modified hydrograph at Buckfield
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Dam for a flood similar to that of March, 1936.

d. Little Androgcogzin River st Avburn, Msdne: A maximum stage of
141,9 feet {U.8.G.S. datum) was recorded on the gage about 6:00 A.M.
of March 20. The drainage area above the gagze is 380 square miles.
Oxford Reservoir ig located sbout 15 mileg above the gage and con—
trols a drainage aregof 231 sguare miles or 60.9 per cent of the
entire area sbove the gage. For a flood similar to that of
" March, 1936, Oxford Reservoir would have reduced the flow at the
‘gage from 23,700 cudbic feet per second to 12,700 cubic feet per
second, equivalent to a reduction in gage height of 15.'2 feet,
The‘ effect of the reservoir for the entire flood pesk at the gage
is ghown on Figure 53. Figure 54 shows the nstural and modified
hydrograph at Oxford Dem for a flood similar to that of March,
1936, Referring to this figure, it will be noted that a flood
gimilar to that of March, 1936, would have discharged over the
gepillway. A surcharge on the spillway crest of 3,0 feet would have
resulted, which could have been materielly reduced by opening the
auxiliary gates described in Parsgraph 134, AFPENDIX D,

8. At Lisbon Falls, Maine, on main stem of Androgscogein River: A

maximum stage of approximately 12.3 feet (local datum) was re-
corded on the gage zbout 8:00 A,M. of March 20, The drainage area
sbove the gage is 2305 square miles net. The proposed Fumford,
Dixfield, Buckfield and Oxford Reservoirs are located about 79, 68.5,
39 and 30 miles, respectively above the gage, and control a com-
bined drainage areslof 1477 square miles or 6U.1 per cent of the net
drainage area above the gage, For o flood similar to that of March,
1936, the four reservoirs in combination would have reduced the flow
é.t the gage from avproximately 155,000 cnbic feet per second to

98, 800 c_fubi‘c feeat per secoﬁd. equivalent to a reduction in gage height
of approximately 2.8 feet, The effect of the reservoirs on the gage

hydrograph for the entire flood pesk is shown on Figure 55.

- B2 -



137. Qonditions 2t the proposed dams ahd approximate reductions
in stage and discharge for a flood similar to that of March, 19%6, are
given in Tables B, G, agd D. TPigures 36 and 37 show the approximate
natural end modified profile of the March, 1936, flood on the Androscoggin
River from the sites of the dams to the mouth of the river,
138, The following notes show the effects upon a flood similar
to that of March, 1936, at Rumford Reservoir alone:
a. Rumford Reservoir would have reduced the flow at the gage from
74,000 cubic feet per second to 36,300 cubic feet per second, equiva-
lent to a reduction in gage height of approximately ﬂ,6-feet;

b. At Livermore Falls, Maine, on main stem of Androscoggin River:

Runford Reservoir would have reduced the flow from 94,000 cubic feet
per second to 57,500 cubic feet per second, eguivalent to a reduction
in gage height of approximately 2.1 feet.

c. At Lewiston, Maine, on main stem of Androgcogein River; above

the mouth of the Little Androscogein River: Rumford Reservoir would

have reduced the flow from 118,000 cubic feet per second to 83,800
‘ cubic feet per second, equivalent to a reduction in gage height of
3.2 feat,

4. Little Androscoggin River at Auburn, Maine: Rumford Reservoir

is located on the main stem of the Androscoggin River and, therefore,
will not affect the flow in this or other tributaries except near
their mouths.

[ At Ligbon ¥Falls, Maine, on main stem of Androscoggin River:

Fumford Reservoir would have reduced the flow from 155,000 cubie
feet per second to 123,000 cubic feet per second, equivalent to a
reduction in gage height of 1.6 feet,
139, The following notes show the effects upon a flood gimilar to

that of March, 19%6, at Rumford, Dixfiéld and Buckfield Reserveoirs in

- combination.
2. At Rumford, Livermore Falls, Lewiston and Auburn, 211 in Mainé,

the effects are the same as for. the combination of four regervoirs, in-

cluding Oxford.

-8} -



b, At Ligbon Fells, Meine, the three reservoirs would have reduced
the flow from 155,000 cubic feet per second to 113,000 cubic feet per

second, equivalent to a reduction in gage height of 2.0 feet.
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TABLE B

CONDITIONS AT PROJECT DAMS FOR

A FLOOD SIMILAR TO THAT OF MARCH, 1936

Name of Dam

Ho. Iten Rumford Dixfield Buckfield Oxford
1, Elevation of spillway crest, feet above mean sea level 655 450 345 325
2. Max. rate of inflow, cubic feet per second 74,000 10,800 10,300 13,800
3 Max; water-surface elevation at-

tained in reservoir, feet above mean sea level £58.8 u52.0 345.0 328,0
4, Area flooded in reservoir, acres | 16,800 2,600 4,050 | 11,200
5; Surcharge on spillwsy crest, - feet - 3.8 2.0 0 3;0
6. Max. rate of outflow corresponding

to spillwsy Surcharge, cubic feet ver second 19,400 860 0 2,6%0
7. ¥Mex. rate of outflow througn :

conduits, cubic feet per second 16, 800 2,040 1,920 3,500
8. Combined max. rate of outflow, ,

epiliway and conduits, cabic feet per second 30,200 2,900 1,920 6,150
9. Approximate time to empity regervoir,

deya* ok 16 2k 18

* Auxiliary conduits, controlled by gates, are provided in all retarding reservoirs to expedite empiying after

meximam reservoir stage has been

maximum reservoir stage.

reached. Discharge through controlled conduits will be so regulated as
to maintdn a total reservoir discharge not exceeding that from the uncontrolled conduits five days after

** Time may be reduced to approximately 20 dsys if all gates are opened wide after flood dsnger be_low has passed.
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TABLE G

ANDROSCOGGIN

CONDITIONS AT DAMS FOR QUFLET DESIGE FLOOD

{100~Year Flood at Dam Site)

Name of Dam

No. Item Rumford Dixfield Buckfield Oxford
1. ZElevation of spiliwsy crest, feet above mean sea level 655 50 345 325
2. Mex. rate of inflow, " cubic feet per second - 76,500 ° 7,900 13,200 14,800
3. Maz, water-gurfaceelévation

attained in reservoir, feet above mean sea level 655 150 3u5 325
4, Ares flooded in reservoir, acres 15, 200 2,030 4,050 6,100
5. Max. rate of outflow through . .

conduits, cubic feet per second 16,400 1,980 1,920 3,390
6. Approximate time to empty res—

ervoir, days* _

(assuming base flow of 1 c.f.s.

per sq. mi.) 12 13 19 15

* Auxiliary conduits, controlled by gates, are provided in all retarding reservoirs to expedite emptying
Discharge throwvgn controlled conduits will be so
regulated as to maintain a total reservoir discharge not exceeding that from the uncontrolled conduits

after maximum reservoir stage has been reached.

five days after maximum reservoir stage.



APPROXTMATE RETUCTIONS IN STAGE AND DISCHARGE AT SEVERAL STATIONS

TABLE D

FOR A FLOOD SIMILAR TO THAT OF MARCH, 1936

rainage Drainage Area Discharge cefese '
_ rﬁ.rea. Reservoirs . under Combtrol Natural Modified | Per Cent Stege in Feet Net
Btation .above . above Sqe Mle | Per Cent) Flow Flow Reduction || Recorded | Modified | Reduction
Bq: Mie Station '
L] T
!
Runford, Me. i |
{On main stem of ,
Androseoggin River) | 995+ |- Rumford 965 97 7hL,000 36,300 5049 612 607 olyx L6
Livermore Falls, Me. Runford 965 7007 ol,, 000 57,500 %848 17 o Lsekok O o Ok 2.1
(On main stem of Rumford and
Androscoggin River) | 1556+ | Dixfield . 1090 805 911,000 - 149,500 L743 11l k%x B okt 2¢5
Lewiston, Me. Rumford 965 55,1 118,000 83,800 2940 26l 5%k | 26Lg3¥x Be2
(On main stem of Rumford, Dix{isld _ : _
Androscoggin River) | 1752+ and Buckfield 12h6 7141 118,000 65,000 L9 26 e 5%+ 259 5% ¥ 5e0
Auburn, Meo
(At mouth of Little
Androscoggin River) | 380 oxford 231 6049 23,700 12,700 L6y Uil JO#* 126,47 %% 1502
Lisbon Falls, Me. Rumford 965 h1.9 155,000 123,000 2047 126344k | 10T dckk 16
Androsscoggin River Buckfield and
&8 ) oxford W77 6l 155,000 98,500 3645 12 ¢ Bk O 4Dk 248
Rumford, Dixfield
| 2%05% and Bueckfield 1246 S5hel 155,000 | 113,000 271 12 ¢ Gk 104 3%k 240

* Net drainage area (drainage area above Errol Dam (1095 sq. mie) mot included)s
k  TJuS.G.8s Datum i

*kk Toeal Datum



APPRNDIX F. LOCAL FLOOD PROTEGTION

139. Pu@oase‘; ~ The flood~control studies for the Androscoggin
bagin indiecated that general flood protection throughoutl the valley
could best 'b.e afforded by resérvoir control. However, it hasg been shown
that the construction of flood-control reservoirs is not economically
justified at the present time and it is considered desirsdle, therefore,
to effect some.measure of flood protection by other means wherever it can
be accomﬁlishéd and economically justified. The vurpose of thies appendix,
therefore, is to analyze and detemmine the feasibility of local flood
prbtection at various damage centers by means other than reservoir control.

140, Scops. - Preliminary estimates of the cost of affording such
protection Iﬁave been made for certain demage centers, bamed chiefly on
date available on United States Geological Survey topographic maps and
the 1936 flood profiles as determined by this office. Detailed surveys
of the particular areas studied have not been available nor have any
special surveys been made, The damage centers studied include Berlin, New
Hempshire, both on the Androscoggin and Dead Rivers, apd Virginia, Rume
ford, Mexico, Chisholm, Livermore Fplls, Lewiston, Auburn, Lisbon Fslls,
The Pejepscot Paper Comvany, Brunswick and Topsham, .all in Maine. (See Fig; 2.)

141, Procedure. — Tae general procedure followed was to determine
the annual flood damage at the respective damage centers. The cost of
providing dikes, walls, or channel improvement necessary to eliminate all
flood damage in these areas wag then cietermined. Because of the lack of
detziled surveys and other information for specific 1ocalilties, & complete
evaluation of all the factors to be considered wes not possible. There-
fore, unit coets of $1.50 per cubic yard for earth dikes and from $150 to
$250 per linesr foot for concrete walls were selected for these preliminary
egtimates and consideration was glven to the 1o¢‘a1 problems likely to be
encountered,_ such ag cofferdamming, underpinning, ete, Annusl earryving
qharges were computed_ .11sing a H0-year amortization period and interest
rates of Y per cent and 5 per cent on Federal and local costs, respectively.

The annusl cogts and benefits are summarized in the following table:
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SUMMARY OF COSTS AND BENEFITS -~ LOCAL FLOQOD PROTECTION

5;

43,900

, Annusd. A
T Worn.. Annual - Hon- Total Ratio of
Federal Pederal Potal Federal Federal Annual Total Benefits
Invest— Invest- Invest- Carrying Carrying Carrying Annual to
Locality ment ment ment Charge Charee Charge Benefits Cost
‘Berlin, N. H. ' |
| 2. Androscoggin R. | $1,318,000 | § 8,000 | $1,326,000 $ 61,370 $ 680 $ 62,050 $ 2,300 0.037
! Db. Deéd River 114,800 | 15,000 129,800 5+ 350 1,580 6,930 1,000 0.1h%
Virginia, Me, 674,200 | 24,000 698,200 31,400 2,540 33,940 5,120 0.151
Rumford, Me. 1,248,000 6,000 | 1,254,000 68,060 510 68,570 22,470 0.328
Mexico, Me. 328,200 | 13,500 341,700 15, 260 1,650 16,910 10,000 0.590
Chisholm, Me. 226,800 2,000 228,800 10, 580 170 10,750 2,340 0.218
‘Livermore Falle 626,000 | 4,000 630,000 29,100 3Lo 29, 440 7,410 0.250
Lewiston, Me. 2,47h,600 | 10,000 2,484, 600 115, 200 850 116,050 10,880 " 0.094
Auburn, Me. 3,240,000 | 15,000 | 3,255,000 150,800 1,275 152,075 32,350 0.212
‘Lisbon Falls, Me. 226,800 5,000 231,800 10,580 430 11,010 L, 740 0.430
Pejepscot Paper Co. 1,725,300 4,000 1,729,300 80,300 1,340 81, 640 12,000 0.147
Brunswick, Me. 648,000 | 1,000 649,000 30,100 90 30,190 7,215 0.239
Topsham, Me, 91,600 | 5,000 9u6, 600 630 U4, 520 9,290 0.208




142, From the foregoing table it mey be seen that the ratio of
anﬁuai benefits to annual charges ig well under unity for all cases
coﬁsidered, Although the cost estimates are preliminary in charascter,
it is baiieved that they aré sufficlently conservative to establish
with ressonsble agsurance that the economic ratio for all cases will
be less than unity even when based on more detailed and accurate infor- -
mation. Therefore, it appears that the provision of substantial local
flood protection at any flood-damage center in the Androscoggin Valley
is not economicaliy justified at the present time.

1”3. Alleviation of Flood Hazards by Recongbtruction or Removal

of Structures. - Some degree of reduction of flood losses may be effected

by reconstruction or removal of dams, bridges, and buildings which
form artificial obstructions to flood flows. Such improvements gen.-
erally can be undertaken economically only when the structure has
reached the end of its econqmic or physicel 1life, or when extensive
reconstruction is regquirad for some purpode other than‘for flood
control slone. Specific suggesiions concerning desirable improvements
to beuincorporated in plans for reconstruction of existing structures
when undertsaken for reasgons other then for flood control, are listed
below by localities. None of these would lessen flood damages to a
sufficient degree tc warrant their prosecution for flood-control

purposes alone.

a, Berlin, N, H. - High-water elevations are controlled
by a series of 5 dams in the city. The stresm is further oh-
struéted by bends, gorges, ledges, and mill buildings. In ade
dition fo the logses caused by the main stream, the Déad River,
a emall tributary rﬁnning through the city, cauéed considerable
damage by overflowing its banks.

(1) The Brown Co., whose buildings line both river
banks down to Mason Street, is embarking on a program of
channel improvement and protectioh within the limits of

ite flowage righte. The bulldings of the Internationai
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Paper Compahy below the Mason Street bridge are being
razed, and if this is properly done, it should improve
flow conditions through that reach.

(2) It is suzgested that the following additional
improvements will be of benefit: Ralse the‘highway bridge
above the “samnill" dé,m, raige eand lengthen that portion

- of the Mason Street bridge below the dam spillway; raise
and lengthen the railway bridge, and remove the encroach-
ment by the approach f£ill on the right bank; remove a
portion of the high ledge eplitbing the flood channel
below the Ma.sbn Street bridge. Consideration should also
be given to the possibility of a wall on the right river
bankc above the "Sawmill# dem, snd of ralising the right
forebay wall of the power cansl at Mason Street.

{3) Dead River Improvement. The waterway through the

City of Berlin should be imlﬁrdved by deepening and widening
the channel when feaslble and removing such constrictions as
bridges and building encroachments now obastructing the course
of the stream. An alternative method of improving flood con-
ditions would be afforded by the construction of a reservoir
above the city at the site of the old Brown Compmy dam. To

effect a 50 per cent reduction in the estimated peak f¥ood-dig-

charge, 1,500 cubic feet per second, it would be necgggmﬁr— )
provide approximately 2,000 scre~feet of storage. In vig
the fact that reservoir construction would involve the rel«oeam
tion of approximately 2 miles of main line of the Grand Trunk
Railroad, or construction of a sheet pile or concrete dike to
protect this railroad, it is believed that a channel improvementd
will afford the more economical means of flood-control protection.

b. Gorhem, N. H. - Local high-water elevation is controlled by

" the dam, Since the vallsy here is & wide flat flood plain, it is sug-
gested that the installation of flood gates in the dam will prove

effective in reducing damages.
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. Tunford, Me. = .H‘iéh—water elevations in the city are

controlled by the Middle dam sand the channel conditions in the
reaches downstream from it.

(1)  Improvements now being undertaken by local interests -
are ag follows: A wall is under construction along the fore-
bay of the upper dam to prevent overflow of the right bank at
that point. The upper bridge is being lengthened by adding
another span, and a protective wall for the city is under
construction on the right bank below the Middle dam. The
Oxford Paper Co. is raising the fill on its property at the
benci in the stiream,.

.(2) Purther improvement in flow conditions might be efw
fected as follows: Cut awey ledge under crest of falls above
the lower highway b.ridge, to cause a reduction in flood heights
up to the Middle dam; remove ledge in the vicinity of the upper
highway bridge to improve the flow under it. Should the wrecked
railwey bridge at the Oxford Paper Co. be replaced, it should
be lengthened and the bar above and below the left abutment cut
away., The only possible protection to the village .of Mexico
would be a wall along the river bank. Thers is also a pos-
sibility that some channel excavation below the bend might be
of benefit, |
'g. Jay, Me. -~ The stream at this point is divided by two’

small islands, and is obstructed by three dams and three short:
highway bridges which have been thrown up between the islands_

and the shores. The powér hbuse in the dam across the .left
channel takes up & considerable portion of the spillway capacity.’
Both the dams and the center bridge suffered daniage during the

. last- fiood. The following improvements are suggested: Set back
the abutments and raise all three bridges; provide for floo‘d gaten
in the dam across the left channel; clear away the ledge between

the dam and bridge in the right- channel. In reconstructing the
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bridges consideration should be given to their relocation at a

safe digtance upstream or downstream from the dams.

e. Livermore Fplls and Chisgholm, Me. -~ Highewater elevations
are controlled by the two desms in the towns., The major portion of
the towns being situated well above the flood level, there is not
much necesgsity for improvement. The higﬁway bridege, when rebuill, |
co;ﬂd be ralsed a few feet, and additional channel width obtained
by setting back the right abubment.

f. lewiston and Auburn, Me, ~ High-water elevations in

thege ci'ties are controlled by the Union Water Power Company's .
dam and by natural channel conditions downstream. Appreciable
encroachment on the stream has been caused by dumping along both
river banks gbove and below South bridege. There ig also some
encroachment csused by filling in the left bank between the North
bridze and the railwsy bridge.
(1) The existing South bridge, of which two spans were
carried sway during the 1936 flood, is being replaced by a
new structure having sdequate clearance and channel capacity.
(2) Possible improvements, of benefit, bo the cities,
are suggested as follows: Provide flood gates in the Union
Water Power Company's dam; remove the se\.reral encroacmﬂents_
on the channel: excavate channel below the North 'bridge;
Consideration should also be given to the possibilityf of
protection walls on both banks of the river. There is also
a pogsibility of lowering flood elevations by removal of the
rips below the cities.

g Lisbon Falls, Mes « Highewater elevationsg here are cone

trolled by the two dems in the town. Since the major portion of
the town lies above the flood level, there appears no necessity
for extengive improvement. The highway bridge to replace that

carried out in the ].936 flood should be given greater clearance;

and the channel capacity may be incréased by lowering the rock
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ledge in mid channel, eliminating the vresent pier on the small
island near the left bank,

h. Brunswick, Me. - High-water elevetions in the city are

controlled by the two dams, There ig congiderable ledge rock
abc.;)ve and Ptelow the lower dam, =nd the mill buildings‘ forming
nart of the left forebay for the lower dam encreach upon the
¢hannel. The contimuity of the upper dam ig broken by two
ledges which restrict the flow. The bridge, 1/4 mile upstream
from the upper dem, is a d.ouble-@ecked gtrueture, with the high-
way bridge underneath a;nd the railway deck above.

(1) It is svggested that the following chamges would
improve flow conditions through the city: Provide flood gates
in the lower dam; remove the ledges and iglands above and
below the lower dam; increase the gpillway capacity of the
upper dem by taking out the ledges in it; remove the high-

way (lower) deck from the bridge upstresm, and rebuild it
as a separate structure with adeguate flood clesrance,

(2) Consideration should also be given to the pos-
8ibility of constructing a wall along the depregged left
bank of the river above the_ lower highway bridge, to prevent
overflow into the town of Top:aﬁam.

(3) BReise the Maire Central Railroad Bridge to en
adequate flood clearsnce. (This work is now under way.)

At many points along the river, shosals were formed during the March,
1936, floods,particularly at points where natursl channel constrictions
tend to form ice Jams. TFor example, such ice jams formed during these
floods ;jﬁst below two damg owned by the Pejepscot Mills (one Li% miles
above Brunswick, tht?t;ther the loﬁer dam ot Lisbon Falls) and not only
increased the amount of dammge to the company's property, but resulted
in the deposition of material to form shoasls which tend to incresse
domeges from future floods. The removal of these chamnel constrictions
~and shoals would improve flood conditions locally at numerous points

along the river,
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AFPPENDIX G, ESTIMATED COSTS OF PROJECT FLOOD-

CONTROL FLAYS

Note: Determined in accordance with Section 3 of the Flood Control
Act approved June 22, 1936, (Public Wo. 738, TUth Congress) which re-
guires thet local egencies shall, ~ (1) provide, without cost to the
United States, =all lands, ecasements and rights-of-way necessary, ezmcept
that that part of such costs which exceeds the cogt of construction shall
be borne equslly by the United States and locel interests; (2) maintain

and operate all the works after completion.

ESTIMATED ANNUAL CARRYING CHARGES

1hl, Bumford, Dixfisld, Buckfield, and Oxford Regervoirs.

2. Federal Investment

(1) THstimated total Federal first cost

{(2) Interest during coﬁstruction, 4 per cent of
item a(l) for one=balf of the estimated
construction period

(3) Total Federal investment

b. Federal Annual Carrying Charges

(1) Interest at 4 per cent on item a(3)
(2) Amortization of obsolescence and
depreciation (see Paragraph 147)

(3) Total Federal carrying charges

&+ Non-Federal Investment
(1) ZEstimated total non~Federsl first cost
(2) Interest during construction, 5 per cent of
item c(1) for 6ne~half of the estimated
construction peribd
(3) Total non-Federal investment

4, NoneFederal Carrying Charges

(1) Interest at 5 per cent on item c¢(3)
(2) Amortization (see Paragraph 147)
- (3) Bstimated cost of maintenance and operation
l(h) Loss of toxes on lands and property used
for regsrvoir purposes
(5) Total non-Federal cerrying charges

¢» Total Carrying Charges (item b plus item 4)

$94 338,000

"~ 374,000
$9,712,000

$ 388,000

71,000
$ 159,000

$8, 457,000

423,000
$8, 880,000

$ sk o0
42,000

25,000

30,000
$ 541,000

$1,000,000



145, Rumford, Dixfield and Buckfield Reservoirs.

Ig

Federal Investment

(1) ZEstimated total Federal first cost

(2) 1Interest during construction, U4 per cént
of item a(l) for ome-helf of the estimated
congtruction period

(3) Total Federal investment

Federal Annuel Cerrying Charges

(1) 1Interest at 4 per cent on item a(3)

(2) Amortization of obsolescence and
depreciation (see Paragrah 1U7)

(3) Total Federal carrying charges

Yon-Federal Investment

(1) BPstimated total non-Federal first cost

(2) Interest during construction, 5 per cent
of item ¢(1) for one-half of khe
estimated construction period

(3) Total non-Federsl investment

Non-Federal Carrying Charges

(1) Interest at 5 ver cent on item ¢(3)

(2) Amortization {gee Parsgraph 147)

(3) Estimated cost of maintenance and
opsration

(4) Loss of taxes on lands and property used
for reservoir purposes

(5) Totel non-Federal csrrying charges

Total Carrying Charges (item b plus item d)

- 96 ~

$7, 191,000
300,000
$7,791,000
$ 312,000
%,000

$ 370,000
$6, 610,000
330,000
$6, 940,000
$ 347,000
33,000
20,000

. 23,000
$ 423,000
$ 793,000



146,

jo
*

I

Runford Reservoir.

Federsl Investment .

(1) Estimated totel Federsl first cost

(2) Interest during construction, 4 per cent

of item 2(1) for one-half of the estimated

construction period
(3) Totel Federal investment

Federal Annual Carrying Charges

(1) Interest at Y per cent on item a(3)
(2) Amortization of obsolescence and

depreciation (see Paragraph 147)
(3) Total Federsl carrying charges

Non-Federal Invegtment

{1) ZEstimated totél non~Yederal firest cost

(2) Interest during construction, 5 per cent
of item c(l) for one-half of the
estibated construction period

(3) Total non-Federal investment

Non-Federal Cerrying Charges

(1) 1Interest at § per cent on item g(3)

(2) Amortization (see Paragraph 147)

(3) Estimated cost of maintensnce end
operation

(4) Loss of taxes on lands and property used
fof regervoir purposes

(5) Total non-Federal carrying charges

Total Carrying Charges (item b plus item g) -

Determination of Cost of Amortization.

Federal Amortization of Obsolesmecence and

Depreciation
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$5,581,000
223,000
$5, 804,000
$ 232,000
43,000

$ 275,000
$5, 581,000
279,000
$5, 860,000
$ 293,000
28,000

20,000

$ 351,000

$ 626,000



(1) Fixed parts - 50 years' life (U% interest) 0.655% anmually.
(2) Movable parts - 25 years' life (L% interest) 2,401% annually,
(3) Federal allocation of land, etc. =

(50 years, U4%) 0.655% annuslly.

e Non~Federal Amortization

(1) 50 years (5% interest) 0.U478% annually,

ESTIMATED COSTS

RUMFORD, DIXFIRLD, BUCKFIELD, AND OXWORD RESERVOIRS

148, Summery.
ESTIMATED FIRST OSTS
Cost per
Reservoir Federal Local Total Acre-~foot
BRumford. $5,581,000 $5, 581,000 $11,162,000 $37.80
Dixfield 653,000 239,000 898,000 22.30
Buckfield 1,251,000 790,000 2,041,000 33.50
Oxford 1,847,000 1,8U7,000 3,694,000 40,20
TOTAL $9,338,000 $8, 457,000 $17,795,000
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149. Rumford Regervoir,

Dameges
Laﬁd to Elev. 665
Buildings to Blev. 655
Cemeteries relocated
Power Privileges
Railronds relocated
Highways relocated
Telephones relocéted
Telegraph relocated
Power lines relocated

Sub-Total

Contingencies & Overhead

TOTAT, DAMAGES

Regervoir (learing

Structures
Dem-site clearing

Farth excavation -
gtructures

Earth excavation-
‘ spillway

Rock excavation -
structures

'Rock excavation -
tunnels

Drilling and grouting

Cut-off - stecl sheat
Piling

Concrete - mass
Concrete - hollow dam

Concrete ~ outlets and
tunnels

Reinforcement

17,000

1,7H0
1,000
5

33
Lo

[
20

60

1,126,000

86,000

175,000

49,500
4,000

54, 800

18,700

18,100

38, 600
2,260
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acreg

Tump gum
graves
horsepower
miles
miles
rnilesg
miles

miles
35%
Jump sum

acres

cubic yards

cubic yards

cubic yards

cubic yards

linear feet

square feet
cubic yards

cublc yards

cubic yards

tons

at

at

at

at

at

at

at

at

at

at

at

at

at

at

at

at

at

at

45

50
Lo

g8,570
54, 500
4,000
2,000

3,000

150

.25

« 30

10

1.25
12

20

14
120

$ 765,000
850, 000
g7,000
ho.ood
620,000
1,800,000
160,000
14,000
60,000

$4, 396,000
1 000
45,935,000
$ 3L0,000

$ 9,000
281,500
25, 800

350,000

396,000
40,000

68,500
224, 400

362,000

‘540, 400

271,200



Rumford Regervoir (continued)

Structures (continued)

w 100 -

Tmbankment - rolled £ill U42,600 cubic yards at B0 0§ 21,300
Embankment - hydraulic
fi1l 937,400 cubic yards at .50 468, 700
Gates and operating
devices lump sum 160,000
Miscellaneous steel lump gum 20,000
Gate house super-
structure 84,000 cubic feet ot .80 ____ 67,200
TOTAL STRUCTURES $3,306,000
Migeellaneous
Stream diversion lunp sum $ 200,000
Service power lines 6 miles at 3,000 18,000
Service roads lunp sum 2,000
Operator!s quarters lump sum 5,000
TOTAL_MISCELLANXOUS $ 226,000
Sub-Total Construction C&st « Clearing,
Structures and Miscellaneous $3,872,000
Contingencies & Overhead 35% 1 000
TOTAL CONSTRUCTION COST ﬁ_,__?_?__lz_@
TOTAL ESTIMATED FIRST COST $11,162,000
Tatimated Cost ver KBere-fool $ 37.80
Estimated Cost per Sguare Mile of Drainage Area $ 11,600
" Estimated Cost ver 1000 Cubic Feet per Second

Reduction in Flood Discharge at Lisbon Falls,

Maine, for a Flood Similar to that of March,

1936 $ 342,000
Estimated Federsl Cost $5,581,000 (50% of Total Estim@ted Cost):
Bstimated Locel Cost $5,581,000 (50% of Total Estimated Cost)

Movable Parts
Gates and operating devices $160,000
Crane (included in gate house) 33,600
T0TAL | $ 195,600



150, Dixfield Reservoir.
Damaces
Lond to Elev. 460
Buildings to Flev. 450
Fower privileges
Highways relocated
Telephones relocated
Power lines relocated
Sub-Total

Contingencies & Overhead

TOTAL DAMAGES

Regervoir Clearing

Structures
Dem-gite clearing

Earth excavation - )
structures )

)
Tarth excavation - )
spillway )

Cutwoff -~ gteel sheet
riling

Concrete - hollow dam
Concrete - outlets

Reinforcement

X¥mbankment -
hydranlic fill

Gates and operating
devices -

Miscellaneous steel

Gate house superstructure 19,000

TQTAL STRUCTURES

3,000 acres
lump sum
50 horsepower
.7 mile
5 miles

H milesg
35%
Tump sum
1 acres

64,000 cubic yards

15,000 square feet
2,700 cubic yards
6,000 cubic yards

350 tons
106,000 cubic yards

lump sum

lump sum
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cublc feet ai

at $ 20

at 40
50,000

at 2,H00

at 3,000

at 150

at 50

at 1.75

at 20

at 20

at 120

at .60

$_ 60,000
$ 1,050

32,000

26,250
54, 000
120, 000

42,000
63, 600

25,000
g, 600

1.50 28, 500

§.ai0L,000



Dixfield Regervoir (continued)

Migeellaneous
Stream diversion lump sum ' $ 15,000_
Service power lines © lump sum - 4,000
Service roads lump sum 3,000
Operator's quarters lump sum _ 5,000
TOTAL MISCELLANEOUS. _ $ 27,000
Sub~Total Construction Cost ~ Clearing, ‘ . o
Structures and Miscellaneous - $ L488,000
Contingencies & Overhead 35% 171,000
| TOTAL CONSTRUGTION COST | $ 659,000
TOTAL ESTIMATED FIRST COST $ 898,000
Estimated Cost per Acre-foot : $ 22,30
Estimated Cost per Square Mile of Drainage Area 7,180

Estimated Cost per 1000 Cubic Feet per Second
- Reduction in Flood Disgcharge at Lisbon Falls,
Maine, for a Flood Similar to that of March,

1936 - % 130,000
Bstimated Federal Cost . $659,000 (73% of Total Estimated Cost)
Estimated Local Cost  $239,000 (27% of Total Fstimnted Cost)

Movable FParts

Gates and onerating devices ' $27,000
Orane, (included in gate housge) 14, 250
TOTAL $ 39,250
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151. Buckfield Reservoir.

Damages
Land to Elev. 355 5,600
Buildings to Elev., 345
Cemeteriea relocated 200
Power privileges 500
Highways relocated 55
Telephones relocated il
Power 1ines=relocated
Sub-Total
Contingenciesg & Overhead
TOTAL DAMAGES
Regervwoir Gleafing
Structures
Dam~site clearing /0
Barth excavation -
st ructures 120,000
Earth excavation -
dikes 24, 000
Rock excavation -
structures 4,000
Rock excavation -
spillway 110,000
Prilling and grouting 1,200
Cut—o0ff - concrete
key 830
Conerete - mass 2,200
Concreté - outlets 5,800
Reinforcement 230

Embankment - rolled £111 60,000

Embankment - hydraulic
fill 460,000
Gates and operating
devices

acres
lump sum
graves
horsepower
miles
miles

lump sum
35%

lunp sum

acres

cubic yardas
cubic yards
cubice yérds

eubic yards

linear fest

cubic yards
cubic yards
cubic yards
tons

cubic yards
cubic yards

lump sum

- 103 -

at $

at
at
at

at

at
at
at
at

at

at
at
at
at

at

at

25

ho

58,200
2,500

$ 1ko,000
£0,000
10,000
20,000
320,000
10,000
—5,000
$ 585,000

205,000
$ 790,000

$ 112,000

7,500
36,000
7,200
12,000

220,000

12,000

a

9,960
26, 400
87,000
27,600
30,000

230,000

27,000

e



Buckfield Reservoir (continued)

Structures (continued)

Miscellaneous steel lump sum $ 10,840 |
Gate house super—
structure 13,000 cubic feet at 1.50 19,500
TOTAL STRUCTURES %
Miscellaneous
Stream diversion lump sum $ 30,000
Service power lines lump sum 5,000
~Service roads lump sum 12,000
Operatorts guarters Tump sum 000
TOTAL MISCELLANZOUS $ 52,000
Sub-Total Construction Co gt - Clearing,
Structures and Miscellaneousg $ 927,000
Contingencies & Overhead 35% 324,000
TOTAL CONSTRUCTIOR COST $1,251,000
TOTAL ESTIMATED FIRST COST $2,041,000
Bstimated Cost per Acre-foob $ 33,50
Estimeted Cost per Square Mile of Drainage Area $ 13,100
Bstimated Cost per 1000 Cubic Feet per Second' |

Reduction in Flood Discharge at Lisbof Falls,

Mzine, for a Flood Similer to_ that of March,

1936 ' $ 272,000
Estimated Federal Cost $1,251,000 (61% of Total Hstimated Cost)
Estimated Local Cost $ 790,000 (39% of Totel Estimated Cost)

Movable Parts
Gates and operating devices $27,000
Crane (included in zate house) 9,170
TOTAL $ 36,750
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152. Oxford Regervoir.

Damoges

Land to Elev. 335
Buildings to Elev. 325
Cemeteries relocated
Power privileges
Railroads relocated
Highways relocated
Telephones relocated
Telegraph relocated

Power lines relocated

Sub~Total

Contingencies & Overhead

TOTAL DAMAGES

Reservoir Clearing

Structures

Dan~gite clearing

Barth excavation -
structures

Tarth excavation -
dikes

Rock excavalbion -
structures

Drilling and grouting

Cot=off - concrete
key

Concrete — magsg
Concrete - wing walls
Concrete - outlets
Reinforcement

Pribankment and dikes -~
rolled £ill

7,000 acres at

Joump sum
400 graves
250 horsepower at
3-3fU miles at
& miles at
% 6 miles at

3-3/4 miles at

5 miles at

35%

lump sum

at

)
cubic yards)

)at

)
cubic yards)

acres

40,000

100,000

2,900 cubic yards at

1,300 linear feet at

g5 at

10,500

cubic yards

cublc yards at

24,800 cubic yards at

2,900 cublc yards at

1,100 tons at

475,000 cubic yards ok

~ 105 =

$ W5

50

40
121,000
47,500
3,000
1,870

3,000

150

3
10

1k
12
15
15
120

+30

.60

$ 315,000
240,000
20,000
10,006
L5k, 000
380,000
18,000
7,000
15,000

$1, 459,000

”11,000

$1,9[0,000
¢ 140,000

$ 6,000

12,000

11,700

13,000

1,190
126,000
372,060

43,500
132,000

285,000



Oxford Reservoir (continued)

Structures (continued)

Gates and operating

devices lump sum $ 30,000
Miscellaneous steel lump sum . 10,160
Gate house super-
structure 18,300 cubic feet at $ 1,50 27,150
TOTAL STRUCTURES $1,100,600
Miscellaneous
Stream diversion lump sum $ 25,000
Service vower lines lump sum 4,000
Service rﬁads lump cum 3,000
Operator!s quarters lump zum 5,000
TOTAL MISCELLANEOUS § 000
Sub~-Total Construection Gosi - (learing,
Stmctures and Miscellaneous $1,277,000
Contingencies & Overnead 5% W47 000
TOTAL COWSTRUCTION COST : E $1,724,000
TOTAL ESTIMATED FIRST COST $%,694,000
Estimated Cost ver Acre-foot ' $ 40.20
Hstimated Cost ﬁer Squere Mile of Drainnge Area $ 16,000

Estimated Cost per 1000 Cubic Feet Per Second
Reduction in Flood Discharge at Ligbon Falls,
Maine, for a Flood Similar to that of March,

1936 | $ 273,000
Estimated Federal Cost $1,847,000 (50% of Total Estimated Cost)
Egtimeted Local Cogt $1,847,000 (50% of Total Estimated Cost)

Movable Parts

Gates and operating devices $30,000
Crane {included in gate housge) 15,256

TOTAL $ 43,750
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COPY of 1/258 Androscoggin

WAR DEPARTMENT
Office of Division Engineer
North Atlantic Division
14th Floor ~ Maritime Exchange Bldg.
80 Broad Street
New York, H. T.

Androscoggin R, 2/3.7 K Angust 25, 1937.
Subjectt Review Report - Androscoggin River, Maine.

Tos The Chief of Engineers, U. S. Army.

SYLLABUS

The Division Engineer finds that no re
viglon is required of the conclusions

and recommendations contained in House
Document No., 646, Seventy~-first Congress,
3d session. Improvement of the Androsw
coggin River for navigation is unwarranted.
Irrigation is unnecessary. The river is
well adapted to power production. Exist-
ing power development is extensive and
ample for present needs. The control

of floods by reservoirs, local protection
and chennel improvements is possible, but
not economlcally Jjustified at the present
time. Reservoir studies indicate the
advantage of a four-redervolr system for
combined flood control and power purposes.
- The future economic justification of this
plan is possible.

N g G e Wk e s we e W

1. AUTHORIF?Y - This report is submitted pursuant to

the following anthoritys



(a) WRESOLVED, By the Commiitee on Flood Gon-
trol of the House of Representatives, United
States, That the Board of Bngineers for Rivers
and Harbors, created under section 3 of the
river and harbor act, approved June 13, 1902,
be, and ie hereby requested to report to this
Committee at the earllest practicable date,
the regults of the additicnal studies and in-
vestigations made on the Androscoggin River,
te take into account important changes in
economic factors, additlional stream flow re-
cords, or factual data developed as & regult
of the recent severe flood, with a view to
revising the report on this river printed as
House Document Mo, 646, Seventy-first Congress,
34 session;? (adopted March 27, 1936).

(p) VYRESOLVED BY THE QOMMITTER ON COMMERCE OF THE
UNITED STATES SENATR, That the Board of
Enginaers for Rivera and Harbors cereated under
gection 3 of the River and Harbor Act approved
June 13, 1902, We and is hereby requested to.
review the report on Androscoggin River, Maline,
submitted in House Decument No. 646, Seventy-
firat Congreas, 3d sesslion, with a view to de-
termining vhether any modification of the rocom-
mendations contained therein is deemed advisable
as a result of the recent severe floods;®
(adopted March 28, 1936).

2. PRICR REFORT ~ fThe report under review on the Andros~
coggin River, submibted under the provisions of House Document HNo.
308, Sixty-ninth Congress, lst sesslon, was published as House
Document No. 6Ub, Seventy~first Congress, 3d session. This report
considered navigation, flood contrcl, power development, and irrige~
tion. It concluded that no development for these purposes was
economically advisable, and recommended that there be no Federal

participation in any workas of improvement with a view %o modifying
the existing conditions.
3. EBQJECIS -~ There have been no previous projects and

there are no existing Federal projectas on the Androscoggin River.



4, DESCRIPTION ~ The watershed of the Androscoggin
River lies principally in western Maine with part of the healwater
ares, comprising about 20 per cent of the total, lying in New
Hampshire, The basin has a length of 110 miles, maximum width
of 55 miles, and a total area of 3,470 square miles.

h. The river riges at the Canadlan border near the
boundary between the states of Maine a,nd‘New Hampghire, flows in
8 eoﬁtherly direction for about 75 miles, then flows esat for about
70 miles into the State of Maine, then flows generally south for
60 miles to tidewater at Brunswick, Maine. The mouth of the
river is its 6utlet into the west end of Merrymeeting Bay, s tidal
basin through the eastern portion of which the Kennebec River flows.
The total length of the river ia about 200 miles.

6. The principal tributaries of the Androscoggin River
are the Magsllowsy, Swift, Webb, Dead, Nezinscot, and Little Androsw
cogeln Bivers. The largest of these ia the Magslloway which has a
drainage area of 500 'square miles. |

7. A total of 143 square miles of the drainage area is
occupled by lakes and ponds which exercise complete or partial con-
trol over approximately 1,400 square miles, or 40 per cent of the
entire basin area. ‘

g, In general elevation, the Androscoggin watershed is
higher than that of any other eastern river in the United States.
In the 167 miles from Umbagog Lake, which 15. 1,244 feet sbove sea
level, to tidewater the fall averages nearly 7.5 feet per mile.

The maximum fall is more than 100 feet per mile in a reach 1.7
miles long at Rumford, Malne.



G Th9 upper portions of the hasin are mountéinous.
almoat entirely covered by forests, and contain comparatively few
settlementa, most of which are located close $o the streams.
Along the lower portion of the river there is a considerable
yolmne of manufacturing of cotion goods, pulp, and paper. The
lower portion of the basin 1s, however, mainly hilly and wooded
with some cnltivated areas.

10, According te the census of 1930, the total pc;pula;»
tion of the basin was nearly 150,000, approximately 124,000 in
Maine and 26,000 in New Hampshire. The largest cities in the
Maine portion of the watershed are Lewlston, Auburn, Rumford,
Brunswick, and Ligbon, with a total population of 73,842, The
largest is Lewiston with a population of 34,939, The prineipal
city in the New Hampshire portion of the watershed is Berlin with
a population of 20,018,

11. BYDROLOGY ~ The Androscoggin watershed is charace
terized by frequent, but short, periods of heavy precipitation
rather uniformly distributed throughout the year. The probabili.ity
of torrential rains is somewhat higher for the month of September,
coinciding with the season of coastwise hurricanes from the troples,
The mean annusl temperature is about 42,7 degrees Fahrenhelt. 4
heavy annual snowfall, varying from about 77 incheg on the coast
to about 130 inches on the northern headwaters, results from the
sustained low winter témperatureé. The average annual precipita-
tlon, including water equivalent of the snowfall, is about 39.4
inches. Mean ammual run-off is about 22.65 inches, or about 58

per cent of the precipitation.



12, T¥loods on the Androscoggin may Be the result of
heavy precipltation from extiatropical ¢yclones. These may
pass over the watershed at any time of the year. ¥loods also
may result from the repld run-off from anow melted by sudden
i{nereases in temperabure or by heavy rafnfall. Tropical
cyclones, or hurricanes, ma.y aiso reach the watershed and 'bﬁng
intense rainfall, These storms occur only in $he swmmer and
early fall. At this time ground conditions are usually such
that much of the rainfall is absorbed and large floods do net
o.,ften fesu.lt.

13, Studies show that rare floods may have peak dis-
charges approaching 90,000 ¢.f.s. at Rumford. ¥The flood of
March, 1936, the zreatest of record on the Androscogzin River,
reached a peak discharge of 74,000 ¢.f.s. at Rumfo.rd and 135,000
at Auburn, Maiue, This floed resulted from s favorsble combina~
tion of thawing temperatures, more than average depth of snow
cover, and heavy pflevcips‘.tation. D’ﬁriag ‘the preceding three~
month perted, snowfall had exceeded the average and temperatures
had been less than normsl so that by March the watershed was
wder s deep snow cover which had mot been apprecisbly depleted
before the March storms. These storme came from the Gulf of
Mexico and passed wp the Atlantic gesboard with & northward
movement of tropical alr masses. The éobling of this molst
alr mass by the snow-covered surface of the watershed resulbed
in heavy pr’ecipitation and 'r@i& nelting of snow cover. 'Eh&se

conditions caused a large vo-lﬁe of run-off,



14, NAVIGATION - XNo improvement of the Andrescoggin
Biver in thé intérasfs of navigé.tion has ever been undertazken by
the !Jnitad States. Present depths in the ﬁidal portion of the
ﬁv'ez: é.re not known, but it :Li préhébla hewever that the controll-
ing depth to Brunswick is hof greater than the three feet indicated
by a sﬁrvey in 1.881. fhe cnnéluﬁions of the report under review
wei'e that any exteﬁéion of nav.i@,tion' thrm:gh or above tidewater
would not be economically advisable. New developments which would
vequire revision of these coenclusions have not taken place, nor ig
there any reason or demand for improving the tidal pertion of the
river below Brunswick, XNavigation counld be extended above Brunswick
only at high cost by means of locks and dams where necessary. Above
Lewiaton and Avburn there are no $owns of commerclal importance to
be benefited 1f navigation were extended, and the tributary districts
are largely undeveloped. Transporiation dy railroad and highway
is adegquate for the present needs.

15. IBRIGATION -~ The cultivated areas in the valley
are small and the rainfall variea from 44 inches near the coast to
33 inches in the northern portion of the basin. This rainfall is
ample for exiating and prospestive agrioultural needs, and irriga-
tion is unnecessary. |

16. EOWER DEVELOPMEN? - The Androscoggin River is
highly developed for power gemeratlon. With a total drainage area
equal to 10.5 per cent of the area of the State of Maine, the in-
stalled generating capacuy is 45 per cent of the botal for the

entire atste. There are within the basin 53 water power develop-



ments of more than 100 horsepower each, which have a total ine
stalled generating capacity of nearly 248,000 horsepower, This

is considerably in emcess of present :etiuireménts, and most of the
plants have the eguipment and water avallsble to farnish a large
2dditionsl smount of electric power at 1lttle increase in operating
sosts. If this surplus power could be sold, it would materfally

reduse the unit cost of production.

RESERVOIRS - The total exlsiing storage in the basin amounts
to 138,000 acre-foet, equivalant to 213 acre-feet per square mile

of drainage area. This storage exerciges .i‘a'_.;_‘xllagrea, of contrel over -
1,400 square miles or U0 per cent of the ,anfira drainage basin.

It coneists largely of natural lakes at the ontlete of which con-

trol works have been bulli. These are under the Jurisdiction of

the power interests and are operated fo impound spring run-off for
release later during the low flow periods. These lakes are sifuated
principslly in the upper portion of the basin and while they ameliorate
flood f]_.pfs. their effect is ingufficient to prevent damaging floods
in the more populous lower reaches of the bagin.

18. FLOOD LOSSES - [The amount of damages caused by the

flood of 1936 was found by census of the individual gufferers to be
about $3,574,000, of which $2,756,000 represents the loss due to |
direct demage and $818,000 to indirect damage. Of the total loss
that suffered in the Maine portion of the watershed smounted to
about $3,419,000, and that in the New Hampshire portion fo.about
$155,000. In order 3o %ake info account the imdirect damages un~
reported buf known to exist, the reported amount of indirect démages
($818,000) was doubled in computing flood centrel bemefits. The
average annual damage computed from stage versus frequency curves

and stage versus damage curves was found to be $453,500.

-7-



19. POSSIBLE METHODS OF FLOOD OONPROL - It was found

that some degree of reduction of flood losses may bhe effected by
removal of artificial obstructions such as dams, bridges, and
aildings. In no instance was it found that the lessening of
flood damagzes was sufficient to warrant premoval for flood'contrel
purposes slone. Siate anthority could eliminate these flood |
hazards at some future date when rsplacement becomes necessary as
a reault of the natural course of events.

20. - The control of floods at the prinelpal damage centers
by means of levees and rivar walls was studied. This method of
protection is positive up to the height of levee or river wall
provided. Its influence is entirely local and provides no inci-
dental benefits such as would result from confrol by reservolrs.
No instance was found where full protection by levees was sconomi-
'cally Justified. Under a coordinated flood qontrol plan some
local protection would be involved after the reduction in flood
heights effected by the extent of reservoir control adopted.

21, Control of floods on the Andrescoggin River by
means of reserveirs was 1ndica$aﬁ'as the moat desirable method.
Study was made to locate ali sites suitable for conatruesion of
dams of sufficlent helght to conirel a flood run-off equal in
volune to that of the 1936 flacd. Kliminations were made on the
basis of size of drainage area controlled, characteristics of
run-off from the area, location with respect to flood damage
centers, cost of construction, and iaiue of henefits acerning

from the measure of_flqod con$£o1Ha£fo&éd.



22. PRACTICABILITY OF PROVIDING FLOOD CONTROL WORKS -
In the following ,econom‘i.c. disenssion, interest rates of § per cent
on non-Federal investments and 1 per cemt on Federal investmente
have Been uwsed in compublng the apnusl costs of the proposed works.

a. Local protection from floods can be accomplished
by specific treatment ot the various localities. The result of
investization shows however that the ratlo of benafits to cosis
varies from 0,037 to 0.590 depending wpon the locality. It w'as..
concluded that this method of protection i¢ not economically ade
visable at the present time.

b. General econtrol of floods by means of a system
of four reservoirs, or & lesser numbsr selscted thersfrom, was
found to be uneconomical. Fhe most sdvantageous reservoir plen
ig composed of Ramford on the madn stream, Dixfleld on the Webb
River, Buckfisld on the Nezinsgot River, and Oxford on the Little
Androgcogelin Biver, Considered on a basis of benefits to flood
con‘trb‘l on;.y, thie regervoir somdination has snnual benefits of
$374,100. The annual eéarrying charges are $1,000,000 and the
ratio of benefits to charges is 0.37. Thae total firet cost of
¥his four-raservoir combination ts $17,795,000. They would
provide UB8,300 acre-feet of storage, and would contrel 2,602
gquare miles of drainage arsa. or 7’4 per cent of the entire 'b.asin.
This Ineludes the 1, 100 uquare miles upstream from the proposed
RBumford, reservoir which are partially controlled by 5&’8,6&0: a8Te-

feot of existing power storage.



¢. A three-reservoir system of the reservoirs at
Bumford, Dixfield, and Buckfield shows annual benefits to flood
control of $359,200. The first cost for this system is $1k,101,000
for which the annual carrying charges are $793,000. Ratio of
annuel benefits to annual charges is computed as O,U5, This
system would provide 396,300 acre-feet of storage and control
2,371 squarse miles, including 1,100 square miles partiazlly con-
trolled by exlsting storage.

d. The Rumford reservoir alone, estimaﬁed to have
a first cost of $11,162,000, shows annual flood control benefits
of $322,700 and annual carrylng charges of $626,000, a ratio of
benefits %o chargeé of 0.52. This reservoir would provide 295,000
acre-feet and control 2,090 square miles, inclusive of 1,100 square
" miles now largely controlled by power storage.

2%3. The Rumford reservoir is the only.one which shows
economic possibilitlies for a development to provide combined storage
for flood control and power. Assuming that there existed a demand
sufficient to absorb the power that could be generated at existing
and potential downstream plants from the incressed flow, the value
of combined benefits to flood control and power resulting from
operation of Rumford reservoir was fouﬁd to be $862,700, The
firat cost of the combined flood control and power reservoir is
ewtimated at $16,063,000, and carrying charges are computed to be
$1,124,000. "The ratio of annual benefits to-annual charges is
0.77.

- 10 w



24. VIEWS AND RECOMMENDATION OF THE DISTRICT ENGINEER
In connection with the review of tﬁe_”}OS“‘Bsport under considera=-
tion, the District Engineer states thay extension of navigation
through or above tldewater would not be economically advisable atb
the present time. Irrigation is no% necessary. The_supplr of
power is ample for present demand, and further development of
hydromelesctric power is improbable in the lmmediate future. Addi;
tional reservoirs of large capacity for flood control alons or for
the combined development of flood control and power do not appear
to be egonomically justifled at present. A% some fubture time the
egononic justificaxlon of one or more of the proposed reservoirs
may result because of lncreased demand for power. The future
Justification of flood control reservoirs alone cannot be foreseen.
Additional power conservation storage, of sufficient capacity to
impound the ;grge spring floods, to produce power at the site, and
to involve opération to sapply incidental benefits to downstream
power developmenis during the off-floodwpeak seasons, would in-
crease the measure of incidental flood control slready existing.

25, VLEWS OF THE DIVISION ENGINEER - The Division Fngineer

cohcurs with the views and recommendations of the report under

review, which are substantially repeated in the views and recom-
mendations of the District Engineer in the preceding paragraph.

The Androscoggln basin su:fered serious damage during the unprecedented
flood of March 1936. The existing storage of 738,000 acre~feet

exercises a degres of control over 1,400 square miles or 40 per cent

w1l «



of the basin, resulting in considerable reduction of flood stages.
Annual benefits, resuliing from the proposed additional flood control
plan, do not warrant Federal participation in such improvement ab the
present time under existlng law. Future justification ef the additional
, flood control plan is possible.
26. GCONCIUSION -

a. No improvement of the Androscoggin River for ‘na,v'igation,
power develepment, flood control, or irrigation is economically ad-
visable at the present time.

be 1% 18 recommended that this report be not published
at this time due to investigations under the Flood Contrel Aet of 1936

which are now under way,

B. L. DALEY,
Colonel, Corps of Engineers,
‘Pivision Enginder.,

Incl, =acpg.t
2/3.4, in tripl.



PRELIMINARY EXAMINATION OF THE ANDROSCOGGIN RIVER,
MAINE AND NEW HAMPSHIRE, FOR FLOOD CONTROL

Syllabua

The District Engineer finds that, although the Androscoggin
Basin is subject to mppreciable flood losses, the anmal flood dam-
age is comparatively small and complete flood protection cannot be
sconomically provided at the present time, General flood protec~ .
tiodpy means of levees or channel improvement is not practicable
and local flood protection by these means 1s not justified at the
present time. Reservoir control is entirely practicable, however,
and it ie poseible that partial protection by this means may be
Justified. It is also possible that, if further development takes
place in the valley, the need and justification for flood control
may increase,

The District Engineer recommends that a survey be made to de-
termine the extent of reservoir control which may be justified.

The District Engineer further recommends that the states be
encouraged to provide regulation for the elimination of channel
encroachments and for the conbrol of existing storage and also
that the flood warning and flood forecasting services of all agen~

cieg be extended and correlsted through the United States Weather
Burean.

War Depariment

United States Engineer Office
Boston, Massachusetts
October 11, 1937

Su.b;lect': Report on a Preliminary Exsmination of the Androscoggin
River, Maine and New Hempshire, for Flood Control

Tos The Division Engineer, NHorth Atlantic Division, Wew York, NW.Y.

1. &uthor;tx. =~ This report is submitted in accordance with an
Act (Public No. '812, T4th Congress) approved June 25, 1936, author-
izing a "preliminary examination of the Androscoggzin River, in Maine
and New Hampshire, and its tributaries, with a view to control of

their floods! and the Flood Control Act (Public No. 738, THth Congress)

approved June 22, 1936, which directs in part as follows:



Section 6., The Secretary of War is hereby suthor-
ized and directed %o cause preliminary examinetions and
surveys for flood control at the following-named locali-

tieg, * * ¥ k * & ¥ % & * Andyoscoggin River, Maine * x
Kok ok ok ok ok ow ok :

2; Prior Revorts. ~ The only prior reports made on this river

pertaining to flood control are the report mede under the provisions
of House Document No. 308, 69th Congress, lst Session (printed as
House Document No. 646, 7lst Congress, 34 Session) and the review
thereof (not printed) dated December 30, 1936, which was made under
the authority of resolutions of the Committee on Commerce of the
United States Senate and the Committee on Flood Control of the House
of HRepresentatives.

3; Existing Project. ~ There are no existing or prior projects

for flood control for the Androscoggzin River.

H. Degeription of the Watershed., « The Androscoggin River Basin

isg located principally in western Maine, with part of the headwater
area, ahout 20 per cent of the total, lying in New Hampshire. The
basin has o length of 110 miles, a maximum width of 55 miles, znd a
totsl drainage area of 3,470 square miles. The lake and pond area,
amounting to 143 square miles or 4,1 per cent of the total basin
ares, exercises & considerable degree of control over about 1,400
square miles, or 40 per cent of the total basin area. The topography
ranges from rough and mountainous in the upper portion to broad, low
hills with considerable lake and swa.:ﬁp area in the lower portions;
The river and its tributaries follow irregular, winding courses over
deep glaclal overburden 'beneé.th which the pre-~glacial bedrock drain-
age courses are completely buried. Where the bedrock is exposed or
cloge to the surface, as it is in numerous short channel reacheg in
.the high hills and mountaing, the channel has not been incised into
the rock more than 5 t§ 10 feet. The bedrock is predominantly granite,
schiet and gnelse, with occasional areas of slate a2nd other metamor-
phic rock. %The overburden consists mainly of gravel.ly, gomewhat

silty sands,



Be Development Within the Basin; s« The total population of

the basin in 1930 was about 150,000, most of which is contained in
the gix largest cities, all over 3,000 population, which are located
on the mein stream, The upper part of the basin is largely forest
covered and has comparatively few settlements. In the lower half
of the basin there is a large volume of manufacturing, the principal
products being cotton goods, pulp and paper. The lower part of the
basin has good highways and is served by the Maine Central and Grand
Trunk Railroads,

6. Deseription of the Mein River. =~ The Androscoggin River

rises at the Canadian border near the bvoundary between the States of
Maine and New Hampshire, in mountainous territory, at an elevation
of about 2,é00 to 2,900 feet above mean gee level., From Umbagog
Lake, about 35 miles south of the headwaters, the river flows in a
southerly direction for about 35 miles, then turns easterly into
Maine for about 70 miles, and thence flows in a general goutherly di-
rection for 60 miles to tidewater at Brunewick, Méine. The main
stream hae an average slope over its 200-mile lengih of a;'bout 17 feet
per mile., Much of the fall is concentrated near Berlin, Wew Hamp-
shire and at Rumford, Maine. The aversge discharge for the G-yesr
period of record at Auburn, Meine, (drainage area, 3,260 square
miles) is 5,420 c.f.s.; the meximum, 135,000 c.f.si and the minimum
465 c.f. 8o

Te Tributaries; w» The prineipal tributaries are shown in the

following tablet



TABLE I -~ TRIBUTARIES OF THE ANDROSCOGGIN RIVER

Distence
Drain- of Mouth
River age : from Digcharge of Record
Area Locetion Tidewater Gefegefsq.mi,
(s9.mi.) Headwaters Mouth (miles) Max. Min, Mean
Magalloway RO At Interna- Errol, 165 Completely regu-—
' tional bound- N. H. lated
ary 13 mi.
. of Big
Island, Me.
Swift 135 H mi. N, of Runford, g2 136,84 ,05% 1.87
Houghton, Me. He.
Webb 125 3 mi. N.E. bixfielad, 5 No gaging station
of Weld, Me, Me.
Dead 100 Y4 mi. ¥, of 5 mi. N. 46 No gaging station
Vienna, Me. of Leeds,
Me.
Nezinscot 275 2 mi. N.W. 4 mi. N. 38 No gaging station
of Redding, B. of
Me. Turner,
Me,
Little 38 Bryant Auburn, 24 46.58  L01*  1.83
Androacoggin Pond, Me. Me.

* Regulated by controlled starege.

8,

has been/highly developed for power.

Development of Water Regources. =~ The Androscoggin River
very

Of an egtimated 353,000

horsepower available, 246,469 horsepower in 42 installations have

been developed. Twenty~eight installations, utilizing 775 feet of

head and totalling 239,873 horsepower are on the main stresm and the

rearm.-a,:hﬁ.rxg11aL ingtallations, with 310 feet of head and totelling

6,596 horsepowsr, are on.the tributaries.

The storage capacity is

equally well developed, zmounting to about 740,000 acre~feet for the

entire drainage arep, or about 213 acre-feet per square mile.

My st

of this storage is contained in the large natural lakes in the upper

basin which are controlled for power stoxage. The 1,095 square

miles above Errol, New Hampshire, about 32 per cent of the total



basin areé, are very completely controlled, coﬁtai.ﬁing 678,000
scre~feet of storage.

9. Hydrology. = The climate is variable, with temperatures
ranging from below freezing for the two or three winter months to
the high summer temperstures reguired to support a varied plant
1ife. The mean ennusl precipitation of 39.Y4 inches is rather uni-
formly distributed throughout the year, but it is characterized

by short, frequent veriods of heavy rain. The annual snowfall is
| quite heavy, ranging from about 77 inches near the coast to 130

inches on the northern headwaters. Comparative date are shown in

the following tablei

TABLE II - MONTHLY AND AYNUAL TEMPERATURE AND PRECIPITATION -
ANDROSCOGGIN FIVER BASIN

Mean ' Mean Equivalent Bunwoff in Inches
Month Temperature Precipitation at Bumford, Me.
(D.As =~ 2090 sg.mi., or 60% of
{oF, ) {inches) total basin)
Jan., 16,0 3.03 1,36
Feb. 17.4 2.86 T 1.6
Mar. 28,8 3.35 2.07
ADr. 1,2 2,95 3,88
Mey 5343 3.31 377
June 62,0 253 2,09
July 68,0 3.60 1.38
Aug. 65.2 3.64 1.24
Sept. 58.0 3.3 1.23
Oct. u7.3 3,24 1.0
Nov. 34,1 3.39 1.65
Dec. 21.3 3.07 1.9
Anmual 42,7 39,%0 22,65

10, Records of Precipitation., ~ There are 9 observation stam

tions for precipitation mainteined by the United States Weather
Burean in the Androscogeglin watershed. The dota concerning these

gtations are listed in the following table:



TERLE III _ PRECIPITATION STATIONS — ANDROSCOGGIN RIVER BASIN

Tlevation Period of Length of
Station (Peet above Record Record Remarxks
M,8.L.) (Years)
Oquossuc, , Me. 1534 1900~1930 3 1902,03,07,09,12-16,
' 30 records incomplete
Upper Dam, Me. 148Y 1886-1935 50
Middle Dam, Me. 1430 1905—1935 31 1935 record incomplete
Azlgcohos .Dam, Me. 1h28 1911-1933 23 1933 ¥éeord incomplete
Zrrol, N. H. 1260 1885-1935 51 1929, 30, 32, 34
records incomplete
Milan, N, H. 1190 18871898 22 1898, 1926 records
1926=1935 incomplete
Berlin, N, H. 1130 18871903 35
: 1918~1935
Rumford, Me. 505 1894-1935 4o
Lewiston, Me. 182 1875-1935 61

11; Records of Stresm Flow. - There are 11 stream gaging stations

in the besin meintaire A by the United States Geological Survey. Datae

concerning these stations are given in the following table:



TABLE IV -~ GAGING STATIONS - ANDROSCOGGIN RIVER BASIN

Location of Drainage Period of Discharge of Record in
Gaging Station Area Record Cubic Feet Per Second
(sg.mi) __Meen Maximum Mijniwam

Androgcoggin River

Errol, N. H. 1090 1905~1923  **
Berlin, N. H. 1380 19131922 2180 14,300 *
Gorham, N. H, 1390 1929~1936 2360 19,900  960*
Shelburne, N. H. 1500 1903%-1907 = 15,600 *
Rumford, Me. 2090 1892~1936 auso 74,000 *
Dixfield, Me. 2230 1902~1908 Lgho - *
Gulf Island, Me. 2800 1936 - 118,000 15%0%
Auburn, Me. , 3260 1928~1936 5u20 135,000 Yerx
Magalloway River
Aziscohos Dem, N. H. 233 1912-1935  *x*
Swift River '
Roxbury, Me. 95 1929-1936 178 13,000 5
‘Little Androgcoggin River
South Paris, Me, 76 1913-~1924 139 6,980 1
1931~1936

* Tlow affectad by contralled storsge.
**  Comp-letely regulated.

12, Accurscy of Geging Stations. - In general, the accuracy of |

the streem gaging statlons in the bagin is very good. The discharge
is computed from the flow over dams or through gates or wheels at
five of the eleven stations. Good rating curves have been developed
for moegt of the stations. for medium and high stages. The records
are congidered very good, except during periocds of ice cover, when
they are fair. ‘

13. General Flood Situation, -~ About L0 per cent of the Andros—

coggin watershed is at least partially controlled by the netural lakes
and ponds, most of which are reguléted for power storage, This stor~
age, although it does not provide positive flood control at 2ll times,
ig quite effective in reducing flood stages for ordimry floods. It

is not, however, generally effective for extreme floods. The extreme

floods in this basin, on the other hand, are possible only from the



combinction of heavy rain and melting snow, and their occurrence
is comparatively infrequent. The resulting damages are confined
generally to the industrisl areas near the river chammel in the
lower portions of the watershed.

1%, Types of Storms. = The storms which occur in the Androscog-

gin Basin may be classcified into three general types as follows:

(1) extratropical cyclones; (2) tropical hurricanes; and (3} rain
storms caused by the rapid disgplacement upward of & warm air ma,ssiby
a colder, denser air mass, usunlly accompanied by an extratwopical
cyclone or & tropical hurricane, Of these, the extratrorieal cyclones
are the moat mumerous. They occur throughout the year and are the
priﬁcipal factor in providing the uniform year-round precipitation

of the basgin., The more aevere rains are caused by the second and
third types of storms. The tropicsl hurricanes, however, are re~
stricted generally to the summer and early fall seasons, - a time
when the ground conditions are such that much of the heavy rainfall
can be absorbed without causing unusual flooding. The most denserous
gtorms, from a flood standpoint, are the raing caused by the move~
ments of warm and co‘ld air masses; Such storms may ocour at any

time of the year and the most severe floods in the basin are caused
by this type of disturbance bringing umusual temperatures and heavy
rainfall to & snow-covered begin,

15. Effect of Snow., = Recent snow surveys of storsge operators

. in the basin indicate that there is usually an accumulated water equi~
velent of about 10 inches in the anmel snow cover at the time of the
spring "thaw! and that this cover is usuelly converted to run-off

in one continuous period of about 10 to 15 days. Additionel studies
on snow ron-off made by this office mpvort these obgervations and
lead to the concluslon that snow is usuvdly a contributing factor to

the spring floods in this basin and it may be the principel cause;’



16, Effect of Ice. = Ice is slso a factor in the floods which

ocour early in the spring. It is not elweys, however, of great im-
portance. Theﬁndroscoggin River flows in a general southerly direc-
tiona and normelly the ice in the lower reaéhes goftens and goes out
sooner than that in the upper reaches and headwaters. On the other
hand, when the spring break-up occurs sarly, ice jams, comprising
thick, golid "blue ice', are iikely to form at o‘bst:_ructions in the
river. On these ocecasions serious damage may be caus‘ed by these ice
jems, as during the flood of March, 1936, when a railroad bridge at
Brunswick was .carried out by the force of the Jjam.

17. Record of Past Floods. - The six highest floods of record

on the Androscoggin River at Rumford, 'Ma.ine (drainsge area, 2,090
square miles, of which 1,096 square miles are completely controlled)
were as follows®

TABLE V -~ RECORD FLOODS - AWDROSCOGGIN RIVER AT RUMEORD, MAINE

Date Average' Instantanaong Average Bun-off

2U-Hyur Peak for 6ne Day in
Discharge Discharge c.f,8. por sd. nils
l(gqf._g’)) (_c.f-s.)

March 19, 1936 68,300 Th,000 32,6

April 15, 1895 55,230 - 26,4

Yovember 5, 1927 39,100 - 18.7

March 2, 1896 39,010 - 18.6

May 18, 1893 - 38,060 - 18.2

March 13, 1936 35, 600 38, 200 17.0

18, Flood Frejuency. - Spring, because of the occurrence of

snow run-off with or without razin, is the season of high water and
floods in the Androscogein Basin, Of 21l pesk discharges greater
than the average annusl flood over the period of record from 1893 to
1936 at Rumford, one-third occurred during the month of April and

two~thirds occurred during the months of Mareh, April and May. The



computed frequency for digcharges at Rumford, Maine, ié as follows:

Period 2hHour Discharse in c.f,.s.
Once in 1 year 20, 000
Once in 10 years 38,000
Onee in 50 years 54,000
Qnce in 7% years ' 59,000
Once in 100 years 62,000

19. Degeription of the Worgt Flood of Record. - The March, 1936,

flood in this basin was the greatest on record. The maximum discharge
of 68,3007 c;f. s. exceeded the highest previously recorded (in 1895)

oy nearly 25 per cent and the flood losses were many times greater then
any previously suffered. The flood was caused by a succession of two
storms within a period of 11 days. Rainfall for the 1l-day pericd was
heavy throughout the entire New England area, varying from a few inches
along the coast to a meximum of about 20 inches in the White Mountains,
which are the common headwaters of the Connecticut, Merfimack, Kennebec
and Saco Basine, as well azs the Androscoggin Basin, Four lives were
lost in the Androscoggin B,sin during the flood and over 1,500 families,
involving about 6,000 people, were temporarily homeless. About 2,000
5uildings wore affected by the flood, Eighteen bridges were vholly or
partially desﬁroyed and ten additional bridges suffered some damags;
.Although the actual areg flooded was not large, several towns were pPrace
tically cut off from the outside world for from one to four days as
railroad, highway, telephone and telegraph facilities were disrupted.
Several towns were temporarily without 1llght, power and water; The
depth of water in the area flooded varied greatly. In the towns and
cities a few principel streets were covered to depths of from one to
five feet generally, although d.epths as great as 1h feet wers reported

in Brunswick, Maine.
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20. Flood Damages. = The only complete data on flood damages

availahle for this basin are thoze collected after the flood of

March, 1936. fThese figures, however, are very reliable, having baen

obtained by means of a thorough census of the individual sufferers in

the basgin shortly after the flood.

shown in the following table.

The results of the census are

0f the total damages of $4,392,000 in

the basin, $U4,232,000, or 96 per cent were in the State of Maine and

the remainder, only 4 per cent, in New Hampshire. There is no record

of the losses in 1896, but it is known that several highway bridges

were waghed out and that a large number of logs were carried away.

In Koir'ember, 1927, there were severe losses, especially at Berlin and

Gorham, totslling about $400,000 plus an unestimated smount for dame

age to railways. The losses from a8ll prior floods, however, were

probably much less than those for March, 1936, as tabiulated below:

TABLE VI - FLOOD DAMAGRS - ANDROSCOGGIN RIVER BASIN - MARGH, 1936

Clags i, Indirect Direct Total
Industrial $ 634,500 $ 867,000 $ 1,501,500
Commercisl 87,200 302, 200 - 389,400
Farm and Rural 900 232,600 233,500
Residential 2,600 319,600 322,200
Railroads* 86, 800 290,900 377,700
Highways* 550,300 550, 300
Utilities 6,000 149, 200 155,200
Public Funds (Municival) L, 200 Ly, 200
Total Reported $ 818,000 $ 2,756,000 $ 3,574,000
Estimated Unreported $ 818,000 - $ 818,000
Grand Total $ 1,636,000 $ 2,756,000 $ 4,392,000

% Includeg bridges,

- 11 w



21, Value and Productivity of Ares Subject to Flooding., = Alw

though the area subject to flooding in this basin ig not large, a

large amount of industrial propertsy is subject'td damage during ex-
treme floods. Many of the industries of.this region, consisgting
primerily of textile, boot and shoe, ond pulp and paper mills, are
located immediately adjacent to the normal river channel. Similarly,
the commercial sgections of seversl communities are located near the
waterfront. These developments, together with power plants and bridges,
are subJect to sppreciable losses within a comparatively small extent
of flooded area. They are geriously affected, however, only by the
more extreme floods, The amount of agricultursl lapd flooded may

be extensive for the extreme stages Dut the damasge ig moderate bhecause
the floods usually occur in the spring before crops have been plénted.
With the exception of bridges which, in many cases, have been rebuilt
at higher elevations, most of the developments are subject to recurring
damage, In general, the benefits of adequate flood conitrol messures
would be confined to the value of the elimination of flood demage to
existing developments and would heve little effect on increasing the

value and productivity of the area subject to flooding.

22. Annusl Value of Flimination of Flood Damage. = During the
flood damage censug, the increments of damage occurring in successive
flood stages up to the maximum stage of the 1936 flood were determined.
From thege data, together with the expected stage-frequency as computed
from existing records, a damage-frequency relation was determined, The
average snnual value of flood loss in that portion of the Androscoggin
valley lying below prospective reservoir sites was determined as

' $453,500. This amount represents the total possible anmual flood con-
trol benefit.which may be realized by the complete elimination of flood
damage.

23. Improvement Desired. -~ No definite opinion on the general

plan end extent of flood control measures has been expressed by local

interests,
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24, Possible Methods of Flood Ogntrol. - The more important

_and most generally espplicable methods for flood control are the
protection by levees or river walls, control by chennel improvement

or rectification, diversion of the flood flows and control by reser-
voirs. In the Androscoggin Basin diversion of flood flows is not
practicable. Channel improvements and flood protection by levees or
river walls are not applicable for comprehensive flood control throughe
out the entire valley. These methods have been‘consideréd for local
flood protection problems and as supvlementary protection to possible
reservoir control. |

25. Reservoir Conirol. - The most desirable method of obtaining

general flood relief in this basin is by means of reservoirs. A study
of all possible regervoir sites throughout the basin has revealed

that there are several favorable sites for flood control reservoirs
which, in conjunction with existing power reservoirs and natural lakes,
would afford control for about 75 per cent of the total watershed

area. The provision of such reservoir control would afford appreciable
reductions in flood stages at the principal damege centers in the
basin anﬁ would eliminate about &0 per cent of the estimated possible
flood damage. '

' 26. TPower Development in Conjunction with Reservoir Control. —

There is little need for additional power in the Androscoggin Basin

at the present time. The export of hydro-electric power from the

State of Maine is prohibited by law and the present local needs are
well taken care of by existing instellations and by interconnection
with the adjoiningz Kennebec Bagin, There are gseveral potential power
siteg in the basin remaining undeveloyed and at least one site appears
to be favorable for combined flood control and power storage with a
power ingtallation. However, in view of the excess genevating capacity

now available, it would not be practicable to develop any of these

w13



possibilities at the present time, Even if the need for additional
power should arise, the demand could be met more economically by rede-
velopment of existing instellations.

27. Local Flood Protection. ~ An investigation o possibilities

for local flood protection by means of channel improvements and levees
or river walls at 13 criﬁical damage centers in the basin has revealed
that the cost of providing such protection would greatly excesd the
benefits which could be realized., There is, however, opportunity for
alleviation of the flood situetion in many of these and other locelie
ties by increasing spillway capacities and the provision oﬁ flood
gates at the power dams, the provision of greater.clearances of
bridges, and the elimination of channel encroachment of bridge piers,
abutments, etc.

28, Flood Warnings. ~ Another practical method of lessening

flood dasmages is by means of the flood-warning service maintained hy
the United States Weather Buresu. When a rainstorm is threatening to
pass into the watershed, its probabilities are studied and the comw
panies controlling the storage are informed of the expected rainfall.
IT the lakes are fu;l end the rainfall threatens to be conziderable,
the water levels are drawn down in advance of the storme The amount
drawn is determined from the run~off records of the companies and
depends on the saturation of the ground, snow cover, the seamson of the
year, etcs, as well as on the probable rasinfall. By this means storw
age is made available when the run-off beglns, and this not only rew-
duces the flood levels of the lskes, but also lessens the maximum dise
.charge of the.river, thus alleviating flood loéses. Of course, dis«
tant headwater reservoirs must be drawn down in ample time, for if
discharged immedietely prior to or during the early stages of a flood,
‘they could contribute to an inerease in downstrsam flood stages byl
filling the valley storage. Two important factors affecting floods

in this basin are the oxtent and water egulvelent of the snow cover
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and the condition of the ground underneath the snow., Limited obser-
vations are now made of precipitetion in the form of snow by the

United States Weather Bureau, power companies, winter sport organiza-
tions and other sgencies, but additional estimates by trained obser-
vers of the amount of.snow cover and its water equivalent‘are necesw
sary to increase the value of the flood~forecastling service. Extension
and correlation of investigations of hydrologic conditions in the

basin $hrough cooperation of all agencies concermed, 40 the end that
improved flood forecasts and adequate ﬁarning be provided to the come
panies controlling the storage and to the publie, appear to be desirable.

29, Discussion. -~ Although appreciable flood ;osses may result
from the occurrence of extreme rains on a snow-covered watershed, the
frequency of damaging floods is not great and the average annual flood
damege is comparatively small. Generallrlood protection throughout
the valley by means of levees, river walls, or channel improvements
is not practicable and the most favorable local flood protection possi-
bility by this means would cost about twice as much as the prospective
benefits. Reservoir control, however, is entirely practicable and at
leagt four sites are available where storage can be provided economie-
cally, either for flood control alone or for combined flood control
"and power storage develomments. Although a reservoir system which would
eliminate about 80 per cent of the estimated possiﬂle annual flood
damage is entirely precticable, the cost of such a system would not be
justified by the prospective benefits =t the present time.

36. Conclusionse ~ Flood control by‘msans of reservoirs, either
for flood control alone or for combined flood control and power stor-
sge, is entirely practicable‘in this basin but‘cqmplete protection by
this mesns is not economically justified at the present time. It is
possible, however, that partial protection may be warrahted. it is

also possible that, when and if further development takes place in tThe
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valley, the need and justifieation for flood conbtrol may increase.
Although local flood protection by means of river walls and chanhel
improvements is not warranted, it is believed that much can be done
to alleviate local flood problems by the recomstruction, repair; or
removal of existing dams, bridges and buiidings whiceh now form ob~-

- struetions to flood flows. Sueh-improvements could be undertsken
economically when a structure has reached the end of its economic or
physical life, or when recomstruction is required for some purpose
other than for flood control alone. It is alao believed that a
meagure of flood protection can be realized by continustion and en-
couragement of the pﬁrposeful'control of existing storage whenever
hydrological conditions indicate a probable flood situation.

31+ Recommendations, - It is recommended that a survey be made

to determine the extent of flood protection by means of reservoirs
which can be justified. It is slso recommended that the states be
enéouraged to contrel the development along the river with a view to
sliminating improper clearances and encroachments on the river chan-
nel and to coordinste the operation of existing storage reservoirs

80 as t0 achieve the maximum flood protection consistent with the conw-
servation requirements of the storage. It is further recommended that
the floode-warning and flood-forecasting services of all agencies con-
cerned be extended and correlated through the United States Weather

Bureau in order that improved forecasts and warnings may be provided.

A« K. B, LymaJl
Lt. Col.; Corps of Engineers
Incloas: Digtrict Fngineer
Map of Androscoggin Basin :
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WAR DEPARTMENT
OFFICE OF DIVISION ENGINEER
NORTH ATLANTIC DIVISION
Room 1400, 80 Broesd Street,
NEW YORK, N. Y.

Androscoggin R. 2/3.15 December 17, 1937.

SUBJECT: Report on preliminary examination of the Androscoggin
River, Malne and New Hampshire, for Ficod Control.

TO: The Chief of Engineers, U. S. Army.

SYLLABUS

The Division Engineer finds that the Androscoggin
River is subject to floods. Complets flood pro-
tection can be provided by a system of reservoire
and extensive local protection works. Complete
flood protection is not economically jJustified at
the present time. Partial flood protection can be
provided by means of reservoir control. It is
recommended that a gurvey be made to determine the
possibility of providing flood control in the
Androscoggin dbasin,

1. AUTHORITY, ~ This report is submitted in compliance with two
Acta as follows: (1) Section 6 of the Tlood Control Act (Poblic No.
738 - Tith Congress), approved June 22, 1936, which reads in part as
followa:

IPhe Secretary of War is hereby authorized and directed
to cause preliminary examinations and surveys for flood
control at the following named locglities % * % # % % %
Androscoggin River, Maine, * ¥ *0
(2) An Act (Public No. 812 - 7Uth Congress) approved June 25, 1936,
which reads in part as follows:
"hat the Secretary of War is hereby authorized and di-
rected to caunse a preliminary examination to be made of
the Androscoggin River and its tributaries in the States
of Maine and New Hampshire, with a view to the control
of their floods, * ¥ *!

2. PRIOR REPORTS. ~ The Engineer Department has made two prior
reports involving flood control on this stream. They are (1) the #308W
report published as House Document No. 6UH - 7lst Congress, 3d session,

and (2) the review thereof, dated December 30, 1936, made pursuant to

resolutions of the Committee on Commerce of the U, S. Senate and the

-1 -



Committee on Flood Control of the House of Representatives, This re-
view report has not been printed., This repert of preliminary examins~
tion containg pertinent data included in the review report,

3, EXISTING PROJECT, -~ There are no existing or prior projects
for flood control on the Androscoggin River.

4, DESCRIPI'ION, - The watershed lies in western Maine and north-
eastern New Hempshire, It has a length of 110 miles and a maximum
width of 55 miles. The total drainage area is B.UTO{square niles,
Roughly, 80% of the dralnsge area is in Maine and the remainder in New
Hampshire. About 143 sguare miles of the watershed are occupied by
lskes and ponds,

5. The region is blanketed with deep glacial overburden deposited
upon the pre-glacisl bedrock valley system. Bedrock is exposed in nue
merous short channel reaches. in the high hills and mounteins. The rock
formations are predominately granite, schist, and gneisﬁ, with occa~-
‘gional areas of slate'and other metamorpbic rock. The overburden is
mginly gravelly, silty sands.

6. The upper portion of the basin is rough, mountainous, and al-
most entirely covered with forests., The lewer portions have low, partly
wooded hills, considerable cultivated land, lakes, and swamp area.

7. The total population of the basin in 1930 was about 150,000.
‘The sgix largest cities in the basin are located on the main stream. They
have populations ranging from approximately 4,000 to 35,000, The lower
pert of the basin has good highways and is served dy the Maine Central
and Grand Trunk Railroeads. There is allarge volume of mamfacturing in
this section. The principal products are cotton goods,'pulp and paper
products.

8, MAIN STREAM, - The Androscoggin River rises at the Canadian
border near the MainesNew Hampshire boundary at an elevation of about
2,900 feet., It flows in a general southeasterly direction for sbout 200

miles to tidewater at Brunswick, Maine. The stream has an average slope



of about 13 feet per mile. Much of the fall 1s concentraied near Ber-
1lin, New Hempshire and at Rumford, Maine,
9. TRIBUTARIES. - The principal tributaries of the Androscoggin

River are as follows:

Drainage Aresn Miles from Mouth to

§§;ggg Sguare Miles Tidewater
Magalloway 500 165
Swift 135 82
Webb 125 75
Dead 100 46
Nezinscot 275 38
Little Androscoggin 380 2y

10, DEVELOFMENT OF WATER RESOURCES, ~ The Androscoggin River
has been very highly developed for power. There are 28 installations
on the main stream totalling 239,873 horsepower utilising 775 feet of
head. Tﬁere are 14 installations on the tributaries totalling 6,596
horsepower utilizing 310 feet of head. The basin has been equally well
developed for storage. The existing controlled storage capacity, mostly
contained in the large natural lakes in the upper basin, is about
T40,000 acre feet. About 678,000 acre feet of this storage is in the
1,095 square miles above Errol, New Hampshife. This prtlon of the basin,
amounting to abhout 32% of the total area, is controlled well by this
storage.

11, HYDROIOGY. - The mean monthly temperatures vary from 16,0° F.
in Januery to 68,0° F. in July. The mean annual temperature is u42,7° F.

The mean annual precipitation is 39,4 inches. The equivalent run-off at
Rumford, Maine, drainage area 2,090 square miles, is 22.65 inches. The
annusl snow fall varies from about 77 inches at the coast to 130 inches
in the headwaters.

12, Two general types of storms occur over the Androscoggin basin,

These are (1) continental stoxms and (2) tropical hurricanes. The con-



tinental storms occur throughout the year. They account for the un-
usaally uvwniform distribution of average monthly rainfall. 'The tropical
hurricanes, accompanied by severe raina, generally occur in the summer
and early fall seasons wﬁsn the ground is dry. The resalting run-off
is correspondingly small, The mostr severe floods in the basin are
caused by general storms accompanied by warm temperatures and heavy
rainfall on a snow-~covered watershed.

13, FLOOD GHARAG.‘J.‘ERISTI(;S. - The existing storage in the Andros-
coggin basin exsrcises some degree of control over sbout 40 per cent
of the drainage area. This storage is effective in reducing flood
stages for ordinary floods, It is not sufficient to prevent damages
from extreme floods. Snow is usually a contributing factor to spring
floods in this basin end it may be the principal caunse, Ice mey be an
important factor in epring floods. Generally, the ice in the lower river
moves out before that in the upper reaches breaks up on account of the
goutherly direction of flow of the stream. 1iélhen the spring bresk~-up
occurs early ice jams are likely to form at obsitructions in the river,
Migh stages result above these joms and a standing wawve of high veloeity
is released on the valley below when the jams break,

14, REGCORD OF PAST FIOODS. - The six highest floods of record at

Runford, Maine, d.raim.ge area 2,090 square miles, are as followsi

Date Mean Dally Q;schargg (e fe8.)

March 19, 1936 68, 300%
April 15, 1895 - 55,230
November 5, 1927 39,100
March 2, 1896 39,010
May is, 1893 38,060

March 13, 1936 35, HOO** -

* Instantaneous peak discharge 74,000 c.f.s.

** Tnstantaneous peak discharge 38,200 c.f.s.



15, JFLOOD FREQUENCY, - In the Androscoggin basin floods occur
more frequenily in the spring than in any other season of the year,
During the period of record from 1893% to 1936 at Rumford, Mailne, there
were eighteen floods with peak discharges greater than the pesk dise
charge of the average anmugl flood. 8Six of these floods occurred in
April alone and twelve occurred during the months of March, April and

May. The computed freguenecy for discharges at Rumford, Malne, ig és

follows:
verage discharge for
Period one day in c¢.f,8.
Once in 1 year 20,000
Once in 10 yesars 38,000
Once in KO years 5l, 000
Once in 75 years 59, 000
Once in 100 years 62,000

Very rare floods with pesk dischargzes spproaching 90,000 c.f.s. may be
expected. _

16, FLOOD IOSSES. - The flood of March i936 was tge greatest of
record in the'Androscoggin basin. 7The flood was caused dy a succession
of two general storms within a period of eleven days. Rainfall for the
oleven day period was heavy throughout New England. It varied from a
fow inches along the coast o a maximum of asbout 20 inches in the White
Mountains., Several towns were isolated for from one to four days as
railroad, highway, telephone, and telegreph facilities were disrupted.
Several towns were temporarily without light, power and water. Eighteen
bridges were wholly or partially destroyed and ten others were damaged.,
The depth of water in tﬁe fiooded area varled greatly. In the towns
and citles a few principal streets were covered to depths of from one
to five feet. In Brunswick, Maine, depths as great as 15 feet were
reported, About 2,000 buildings were affected by the flood. About

6,000 people were temporarily homeless and four lives were lost,



17. The total damages resulting from the March 1936 flood
amounted to $4,392,000. Of this amount $4,232,000, or 96 per cent,
occurred in Maine and the remsinder, or only 4 per cent, in New Hamp-
shire. There‘is no reliable record of the losses that resulted from
the floods of 1896 and 1927. Losses from the latter flood were severe
tat they &id not reach the magnitude of the losses resulting from the
1936 flood. The annual damages from floods in that portion of the
basin lying below prongctive réservoir sites were determined as
$453,500, This amount was considered as. the basis for the justification
of possible flood control measures.

18. The area subject to flooding in the basin is not large. A
large amount of industrial property located immediately adjacent to
the normal river channel is subject to damage from éxtreme floods. The
commercial sections of severalxcommunities located near the waterfront
are seriously affected by extreme floods. Inundation of agricultural
lsnd is not serious as floods usually occur in the spring befofe orops
are planted. In general the benefits from adequate flo0d control
measures in the basin would be confined'to the elimination of dsmages
to existing developments. Benefits from increased value and pfodﬁcti-
vity of the area subject to fleoding would be negligible.

19. POSSIBLE METHODS OF FLOOD CONTROL. - The most desirable
method of obtaining general flood relief inlthis basin 1s by means of
rogervoirs. Diversion of flood flows is not practicable. Channel.imn
provements and flood protection by levees are not applicable for general
flood protection throughout the valley on account of the excessive cost,
end the problem of tributaries. These methods can e considered for
positive local protecﬁion as supplements to possible reservoir control.

20. There are several favorable sites in the basin for flood cone
trol reservoirs. In conjunction with existing controlled storage these
sites would‘dontrol about 75 per cent of the watershed area. This is an

unusually large degree of control. It would afford appreciable reductions
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in flood stages at the principal damage centers asnd eliminate approxi-
mately 80 per cent of the estimated anmual flood damaée. 0f the 75 per
cent of the watershed ares controlled, the flood control reservoirs
would provide sbout 42 per cent and existing power storage about 33 per
cent. To be effective, the operation of the flood control storage
would have to be coordinated with the operation of the existing power
gtorage. |

21l. An investigation was made at thirteen damege centers fo dew
termine the possibility of providing local protection works. The cost
of full protection wonld exceed the benefits which could be realized.
Protection works supplementing the reduction in flood heights obtained
by prospective reservoir control mey fe Justified.

22, Sqme alleviation of the flood situétion in many loc¢alities
can be secured by the exercise df State or local zoning control at the
time present objectlionable structures‘are replaced because of obsolescence

or deterioration.

23, POVER DEVELOPMENT 1IN CONJUNCTION WITH RESTRVOIR CONTROL. - The

export of hydro-electric power from the State of Maine is prohibited by
law. Present local needs are supplied well by existing installations
and inter—connections with other systems, There is a possibility that at
least one of the sites considered in this report could be developed for
flood control and power. In view of the sxcess genarating capscity now

available, a combined developmernt would not be precticable at the present

time.

oli, YIEWS AND RECOMMENDATIONS OF THE DISTRICT ENGINEER. - The Dis~
trict Engineer findg that flood control, elther alone or in conjunction
with power developments, by means of reservoirs is practicable. He finds
that partial protection may be economically justified. Iocal flood prob-
lems may be alleviated by exercising State or local zoning control at the
time existing structures that form obstructions to flood flows are re-

placed due to obsolescence or deterioration, The District Engineer recom=-



{i

mends & survey to determine the extent of flood protection which can be

Sustified.
5. VIEWS OF THE ACTING DIVISION ENGINEER, - The Acting Division

Fngineer concurs with the views and recommendations of the District En-
gineer. The extent of flood loss in the basin warranis accurate deter-
mination of the justifiable exteni of federal participation in floecd con-
trol measures. A continuasnce of the study under a survey report should
develop further the vossivilities of requirements of local cooperation
from State and municlipal sathorities in the form of zoning in the inter-
est of reduction of flood heights and flood damages through elimination
of channel obstructions,

26. RECOMMENDATION, - It is recommended that a survey be made to
determiﬁe the poesibility of providing flood control for the Androscoggin

River, Maine and New Hampshire.

JOHN C. H. LEE,
Lient. Colonel, Corps of Zngzineers,
Acting Division Engineer.

Incl.acepg.:
2/3.14, in qued.



COPY OF 1/273 ANDROSCOGGIN

ug67/2
Subject: Androscoggin River, Maine and New Hampshire -~ Flood Control.

2nd Ind.

The Board of Engineers for Rivers and Herbora, Washington, D. C., Jan-
uary 20, 1938 -~ To the Chief of Engineers, U, S. Army.

1. The Board concurs with the division engineer in recommending
a survey to determine the advisability and cost of improvement and the
local cooperation reguired.

For the Board:

R. A. Wheeler,
Lientenant Colonel, Corps of Engineers,
Resident Member.

E.D, 7402(Androscoggin River, Maine)l5,
15/1 and Ser. 17 accompg.



WAR DEPARTMENT

- ADDRESS REFLY 7O : OFFICE -OF THE CHIEF OF ENGINEERS
IEF OF ENGINEERS, U. S. ARMY
WASHINGTON 25, D. C. WASHINGTON, b, C.
ENORW

FERTOFILENG. .

28 May 1947

i

SUBJECT: Review of reports en end a preliminary sxenination end mﬁq -
of Andrescoggin River, Maine snd New Hampshive

761 The Bivision Bngineer -
New England Division =
Corps of Enginaars
BOSTON, MASS.

UL 0

. The report on & review of reports on and & preliginary exsmioetien
and purvey of Androscogpin River, Meine and New Hampshirve, wan trens~
mitted to Congress by the Secretary of Wer on 30 April 1947, Duplicate -
copies of the letters of trananitial sre inclosed for the files of your
office, Coples of the veports of the Chief of Engineers sp signed and
dated are also Aneloped. OCoples of the report of the Board of Enginesrs
for Rivers and Herbors end lether conteining the commente of the Govere
nor of MHaine have mvimaly been mwm yoar office,

BY ORDER OF THE CAYRF OF FHGINUFRS:

4 Inelosuress (in dup) 3. L. PERBOK
1. Oy of itrans ltr teo Golonel, Uorps of Enginears
The Speskex, 30 Apr *47 Deputy Ghiaf of Clvil Worke
2, Oy of trens 1tr to Chmn, for Flood Control
Sen Comm on Pub Tks, ‘ ‘
30 Apr 47

3. @y of CE Report to FG
Comm, 30 Nev 'AL

4. Gy of CE Report to Sen
Comm, 30 Nov Y44



WAR DEPARTUENT
WASHTNGTON ‘
ERGEW . . .AFR 30 1947

The Spesker of the

House of Representatives
' Deaxr Mr. Spesker: ,

I am transmitting herewith & report deted November 30, 1944,
from the Chief of Engineers, United States Army, together with
agoonpanying papera, on a review of reports on and s preliminaxy
exanination and survey of Andromeoggin River, Maine and New Hempshire,
requested by resolutions of the Committes on Flood Control, Honge

- of Representatives, adopted on March 27, 1936, and the Committes on
Commerce, United States Senate, sdopted on Baroh-R8; 1936; and also
authorised Yy the Flood Contrel Act approved on June 22, 1936, and by
an Act of Congress approved on June 25, 1936,

In accordence with Sectlon 1 of Public Law 534, Seventy-elighth
Congress, coples of the report of the Chief of Enginwers were fur~
nighed the Governors of the States of Maine and New Nexpshire, The
viows of the State of Maine are set forth An'the Snclosed communi-
sation. The Governor of New Hempshire acknowledged receipt of the .
report on July 20, 1945, and to .date has mrniahad no written views
or recommendatione with respset thereto,

The Bureau of the Budget adviees that while there is no b=
Jection to sulmission of the report to Congress, suthorization of
the improvement, which the Chief of Engineers recommends be not
underteken at this ’c.ime is mt in accord with the program of the
President.

8incerely yours,
(S8igned) ROBERT P, PATTERSON

2 Inclosures: Secretary of War
1. Cy of 1ty fr Gov of :
Maine, July 25, 1945
2. Repoxt with accmpanying

papers



WAR DEPARTMENT

OFPICE CF THE CHIEF OF ENGINEERS
WASHINGTON

NGy 30
oE SPE i 1944

The Chairmen,

Commititee on Flood Control,
House of Representatives, U. S.,
Washington, D. C.

My dear Mr. Chairman:

1. The Committee on Flood Control of the House of Representa-~
tives, by resolution adopted March 27, 1936, requested the Board of En-
gineers for Rivers and Harbors to report to this Committee at the ear-
liest practiceble date, the results of the additionsl studies and inves-
tigations made on the Androscoggin River, to tske into account important
changes in economic factors, additional stream flow records, or factual
data developed as & result of the recent severe flood, with a view %o
revising the report on this river printed as House Document No. 646,
71st Congress, 3rd session, Under date of March 28, 1936, the Committee
on Commerce of the United States Senate requested the Board of Engineers
for Rivers and Harbors 1o review the report on Androscoggin River, Maine,
submitted in House Document No, 646, 7lst Congress, 3rd sesslion, with a
view to determining whether any modification of the recommendations con-
tained therein is deemed advisable as a result of the recent severe
floods, I inclose the report of the Board in response thereto, It is
also in review of the reports on preliminery examination and survey for
flood control on "Androsecoggin River, Maine," suthorized by the Flood
Control Act of June 22, 1936, end of the reports on preliminary examina-
tion of the "Androscoggin River, Maine and New Hampshire," authorized by
the Act of June 25, 1936, under the provisions of the Act of March 1,
1917,

2. After full consideration of the reports secured from the dis-
trict and division engineers, the Board recommends that no improvement
of Androscoggin River, Maine and New Hampshire, for flood control be un-
dertaken by the United States at the present time,

3. After due consideration of these reports, I concur in the
views of the Board,

Very truly yours,

E. Reybold,
Major Genersl,
Chief of Engineers,



